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Description 

[0001] The present invention relates to tricyclic compounds exhibiting antagonism against angiotensin I! (hereinafter 
referred to as All) receptors and pharmaceutical compositions containing them. 

5 [0002] Various inhibitors are known active against All receptors which are hypersensitive peptide hormones. These 
inhibitors include both peptide analogs and non-peptides. Known non-peptide All receptor inhibitors include com- 
pounds comprising a fused heterocyclic ring, such as benzimidazole bonded to a biphenylmethane derivative (J. Med. 
Chem. 34, 2919 (1991); and USP 5,128,356] and compounds wherein an amino acid derivative is bonded to a biphe- 
nylmethane derivative (EP-A-443983). EP-A-0400974 discloses substituted imidazo-fused 6-membered heterocycles. 

w However, no compounds active as All receptor inhibitors are yet known comprising a fused heterocyclic ring compound, 
or an amino acid derivative bonded to a tricyclic compound rather than to biphenylmethane. 

[0003] According to the present invention other novel and useful All receptor antagonists have been found which are 
expected to exhibit a preventive or therapeutic effect against a wide variety of diseases such as hypertension, conges- 
tive heart failure, renal failure and glaucoma. These All receptor antagonists are compounds of the formula I and their 
75 pharmaceutical^ acceptable salts: 



20 




25 

wherein R 1 represents hydrogen, halogen or lower alkyi; A represents cyano, carboxyl, tetrazolyl, cyano-substituted 
phenyl, carboxyi-substituted phenyl or tetrazolyl-substituted phenyl; V represents -(CH 2 ) m - (wherein m is an integer of 
0 to 2); W represents 



R 2 



35 




(wherein R 2 , R 3 and R 4 independently represent hydrogen, halogen, lower alkyl, cycloalkyl, halogenated lower alkyl, 
hydroxy, lower alkoxy, amino, lower alkylamino, carboxyl or lower alkoxycarbonyl; and Q 1 -Q 2 -Q 3 -Q 4 represents N=CH- 
CH=CH, CH=CH-CH=CH or CH 2 -CH 2 -CH 2 -CH 2 ), 



R 2 



50 




(wherein R 2 , R 3 and R 4 have the same meanings as defined above), 
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R 6 



5 




70 (wherein R 5 and R 6 independently represent hydrogen, lower alkyt or cycloalkyl; and R 7 represents carboxyl, lower 
alkoxycarbonyl, carbamoyl or hydroxymethyl) or 



75 




R a COOR 9 

20 

(wherein R 8 and R 9 independently represent hydrogen or lower alkyl; and Q represents N ; X 1 -X 2 -X 1 represents 
CH=CH-CH=CH; S-CH=CH or CH=CH-S; Y represents a single bond, CH 2 , 0, S, CH 2 0, OCH 2 , CH 2 S, SCH 2 , CH 2 CH 2 
or CH=CH; and 2 1 -Z 2 represents C=CH, CH-CH 2 , CH-CH(COOH)- or N-(CH 2 ) n - (wherein n is an integer of 1 to 3) 
[hereinafter referred to as Compound (I)]. 

25 [0004] In the definitions of the groups in formula (I), the lower alkyl and the alkyl moiety in the halogenated lower alkyl, 
the lower alkoxy, the lower alkylamino and the lower alkoxycarbonyl mean a straight-chain or branched alkyl group hav- 
ing 1 to 6 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl and hexyl, 
and the cycloalkyl means a cycloalkyl group having 3 to 6 carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl 
and cyclohexyl. The halogen includes, for example, fluorine, chlorine, bromine and iodine atoms. 

30 [0005] The pharmaceutical^ acceptable salts of Compounds (I) include pharmaceutical^ acceptable acid addition 
salts, metal salts, ammonium salts, and organic amine addition salts. 

[0006] Examples of the pharmaceutical^ acceptable acid addition salts of Compounds (I) are inorganic acid addition 
salts such as hydrochloride, sulfate, nitrate and phosphate, and organic acid addition salts such as acetate, maleate, 
fumarate and citrate; examples of the pharmaceutical^ acceptable metal salts are alkali metal salts such as sodium salt 
35 and potassium salt, alkaline earth metal salts such as magnesium salt and calcium salt, aluminum salt, and zinc salt; 
examples of the ammonium salts are ammonium salt and tetramethylammonium salt; and examples of the pharmaceu- 
tical^ acceptable organic amine addition salts are salts with morpholine and piperidine. 
[0007] The processes for producing Compounds (I) are described below. 

40 Process 1 

Compound (1-1) [Compound (I) wherein Z 1 -Z 2 is C=CH] 

1-a: Process for preparing Compound (1-1 a) which is Compound (1-1) wherein A is carboxyl and Compound (1-1 d) which 
45 is Compound (1-1 ) wherein A is cyano 

[0008] Compound (Ma) and Compound (1-1 d) can be prepared by the following reaction steps. 
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V X 'VSA Step 1 

(Ha) 



V-COOR 8 




Y 

(lllc) 



V-CH 2 -L 



Step 4 




Y 

(l-1d) 



V-CH 2 -W 



Step 5 




Y V-COOR 8 

(Ilia) 



Step 2 




Y V-CH 2 OH 
(1Mb) 



COOH 




Y V-CH 2 -W 

(Ma) 



[0009] (In the lormulae, L represents chlorine, bromine, methanesulfonyloxy or p-toluenesulfonyloxy; and R 1 , R 9 , X 1 - 
X 2 -X 3 , Y, V and W have the same meanings as defined above.) 

[0010] The starting Compound (lla) can be obtained by known methods [J. Med. Chem., 19, 941(1976); ibid., 20, 
66(1977); ibid., 20, 1499(1977); ibid., 21, 633(1978); ibid., 21, 1035(1978); ibid., 22, 1357(1979); ibid., 2Z, 372(1984); 
ibid., 29, 2347(1986); ibid; 35, 2074(1992); and Japanese Published Unexamined Patent Application No. 21679/83] or 
a method similar thereto. 

(Stepl) 

[0011] Compound (Ilia) can be obtained by reacting Compound (lla) with 2 to 10 equivalents of a phosphorous acid 
diester [e.g. diethyl (cyanomethyl)phosphonate, and dimethyl (cyanomethyl)phosphonate] or an organosilicon com- 
pound (e.g. trimethylsilylacetonitrile) in the presence ol 2 to 20 equivalents of a base in an inert solvent at a temperature 
of 0°C to the boiling point of the solvent used for 0.1 to 48 hours. 

[0012] Examples of the base applicable are sodium hydroxide, potassium hydroxide, sodium methoxide, potassium 
ethoxide, sodium hydride, potassium hydride, butyl lithium, lithium diisopropylamide (LDA), potassium tert-butoxide, tri- 
ethylamine, diisopropylethylamine, tributylamine, dicyclohexylmethylamine, N-methylmorpholine, N-methylpiperidine, 
diazabicycloundecene (DBU) and diazabicyclononene (DBN). 

[0013] Examples of the inert solvent are tetrahydroluran (THF), dimethylformamide (DMF) and dimethylsulfoxide 
(DMSO). . 
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(Step 2) 

[0014] Compound (lllb) can be obtained by treating Compound (Ilia) with 1 to 50 equivalents of a suitable reducing 
agent such as lithium aluminum hydride, lithium borohydride, sodium borohydride or diborane in an inert solvent such 
5 as THF, in the presence of iodine, boron trifluoride ether complex, or the like if necessary, at a temperature of -100°C 
to the boiling point of the solvent used for 0.1 to 48 hours. 

(Step 3) 

w [0015] Compound (lllca) which is Compound (lllc) wherein L is chlorine or bromine can be obtained by reacting Com- 
pound (lllb) with carbon tetrachloride or carbon tetrabromide in the presence of triphenylphosphine, and if necessary in 
the presence of 2,6-lutidine or 2,6-collidine, or with an equivalent to a large excess of a halogenating agent (e.g. thionyl 
chloride and phosphorus tribromide), in an inert solvent (e.g. dichloromethane and dichloroethane) at a temperature of 
-50°C to the boiling point of the solvent used for 0.1 to 48 hours. Alternatively, Compound (lllca) may be prepared by 

75 reacting Compound (lllb) with methanesulfonyl chloride in the presence ol collidine and lithium chloride in DMF at a 
temperature of -50°C to the boiling point of the solvent used for 0.1 to 48 hours. 

[0016] Compound (lllcb) which is Compound (lllc) wherein L is methanesulfonyloxy or p-toluenesulfonyloxy can be 
obtained by reacting Compound (lllb) with a sulfonylating agent (e.g. methanesulfonyl chloride and p-toluenesulfonyl 
chloride) in an inert solvent (e.g. dichloromethane and dichloroethane), in the presence of 2,6-lutidine or 2,6-collidine if 
20 necessary, at a temperature of -50°C to the boiling point of the solvent used for 0.1 to 48 hours. 

(Step 4) 

[0017] Compound (l-1d) can be obtained by reacting Compound (lllc) with an equivalent to a large excess of a com- 
25 pound represented by the formula H-W wherein W has the same meaning as defined above, in the presence of a suit- 
able base [e.g. sodium hydride, potassium hydride, butyl lithium, LDA, potassium tert-butoxide, lithium 
bis(trimethylsilyl)amide, sodium bis(trimethylsilyl)amide and Proton Sponge (registered trademark)] if necessary, in an 
inert solvent [e.g. dichloromethane, DMF, THF, benzene, toluene, hexamethylphosphoric triamide (HMPA) and dimeth- 
ylpropyleneurea] at a temperature of 0°C to the boiling point of the solvent used for 0.1 to 48 hours. 
30 [0018] The compound represented by the formula H-W can be obtained by known methods (Japanese Published 
Unexamined Patent Application No. 9518/91; and WO 92/04343) or a method similar thereto. 

(Step 5) 

35 [0019] Compound (1-1 a) can be obtained by treating Compound (I- id) with a base (e.g. lithium hydroxide, sodium 
hydroxide and potassium hydroxide) in a suitable aqueous solvent (e.g. ethyleneglycol, diethyleneglycol, glyme, diox- 
ane and ethanol) at a temperature of room temperature to the boiling point of the solvent used for one hour to three days 
or by treating Compound (1-1 d) with an aqueous solution of sulfuric acid, hydrochloric acid, acetic acid, or the like, or a 
mixture comprising such acids, which also serve as a solvent, at a temperature of room temperature to the boiling point 

ao of the solvent used for one hour to three days, so that the nitrite group is hydrolyzed. 
[0020] Alternatively, Compound (1-1 a) can be prepared by the following reaction steps. 



45 



50 



55 
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15 



20 



25 



30 



X 2 , 




-R 1 



Y 

(lib) 



V-COOH 



COOR 9 




Y V-CH r L 

(IVc) 



Step 9 



COOR 9 



R 1 




Step 6 



35 



Y 

(IVd) 



Step 8 



Step 10 



V-CH r W 



COOR 9 




R 1 



Y V-COOH 

(IVa) 



Step 7 



COOR 9 




Y V-CH,OH 
(IVb) 



COOH 




R 1 



Y V-CH 2 -W 

(l-1a) 



[0021] (In the formulae, R\ R 9 , X 1 -X 2 -X 3 , Y, V, W and L have the same meanings as defined above.) 
40 [0022] The starting compound (lib) can be obtained according to the method for preparing Compound (lla) described 
above. 

(Step 6) 

45 [0023] Compound (IVa) can be obtained from Compound (Mb) according to the method of Step 1 using ethyl diethyl- 
phosphonoacetate or methyl dimethylphosphonoacetate as the phosphorous acid diester or ethyl trimethylsilylacetate 
as the organosilicon compound. 



(Step 7) 



50 



[0024] Compound (IVb) can be obtained from Compound (IVa) according to the method of Step 2. 
(Step 8) 

55 [0025] Compound (IVc) can be obtained from Compound (IVb) according to the method of Step 3. 
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(Step 9) 

[0026] Compound (IVd) can be obtained from Compound (IVc) according to the method ol Step 4. 
5 (Step 10) 

[0027] Compound (1-1 a) can be obtained by hydrolysis of Compound (IVd) in the presence of a suitable base (e.g. 
lithium hydroxide, sodium hydroxide and potassium hydroxide) in a suitable aqueous solvent (e.g. methanol, ethanol, 
THF and dioxane) at a temperature of room temperature to the boiling point of the solvent used for 0.1 to 48 hours. 
10 [0028] Compound (Maa) which is Compound (Ma) wherein m in V is 0 may also be prepared by the following reac- 
tion steps. 



15 



20 



25 



30 



x 2 , 




(V) 



COOH 




Y CH 2 -W 

(l-1aa) 



Step 11 



COOR 9 




(VI) 



Step 12 



COOR 9 



R 1 




R 1 



Y CH 2 -L a 

(IVcaa) 



35 



[0029] (In the formulae, L a represents chlorine or bromine; and R 1 , R 9 , X 1 -X 2 -X 3 , Y and W have the same meanings 
as defined above.) 

40 [0030] The starting compound (V) can be obtained by a known method [Helv. Chim. Acta, 73, 1197(1990)] or a 
method similar thereto. 

(Step 11) 

45 [0031] Compound (VI) can be obtained from Compound (V) according to the method of Step 6. 
(Step 12) 

[0032] Compound (IVcaa) can be obtained by heating Compound (VI) under reflux with 1 to 5 equivalents of N-chlo- 
50 rosuccinimide (NCS) or N-bromosuccinimide (NBS) ; in the presence of a radical initiator such as benzoyl peroxide or 
azobisisobutyronitrile (AIBN) if necessary, in an inert solvent such as carbon tetrachloride for 0.1 to 48 hours. 
[0033] Subsequently Compound (1-1 aa) can be obtained according to the methods of the above Steps 9 and 10. 



55 



1-b: Process for preparing Compound (1-1 b) which is Compound (1-1) wherein A is carboxyl-substituted phenyl 
[0034] Compound (1-1 b) can be prepared by the following reaction steps. 
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[0035] (In the formulae, R 1 , R 9 , X 1 -X 2 -X 3 , Y, V and W have the same meanings as defined above.) 
(Step 13) 

[0036] Compound (VII) can be obtained Irom Compound (lla) according to the method of Step 1 using diethyl [2- 
(ethoxycarbonyl)phenyl]methyl phosphonate or dimethyl [2-(methoxycarbonyl)phenyl]methyl phosphonate as the phos- 
phorous acid diester or ethyl 2-[(trimethylsilyl)-methyl]benzoate as the organosilicon compound. 
[0037] Subsequently, compound (1-1 b) can be obtained according to the methods of Steps 2 to 4 and 10. 

l-c: Process for preparing Compound (1-1 c) which is Compound (1-1) wherein A is tetrazolyl 

[0038] Compound (1-1 c) can be prepared by the following reaction steps. 
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5 



10 



15 



20 




(Mc) 

25 

[0039] (In the formulae, Tr represents trityl; and R 1 , X 1 -X 2 -X 3 , Y, V and W have the same meanings as defined above.) 
(Step 14) 

30 [0040] Compound (1-1 d) is reacted with 1 to 30 equivalents of sodium azide in the presence of ammonium chloride in 
DMF at a temperature of room temperature to 130°C for one hour to 20 days to give the crude tetrazole compound. 
[0041] Alternatively, Compound (1-1 d) is reacted with 3 to 4 equivalents of sodium azide in the presence of 3 to 4 
equivalents of tri-n-butyltin chloride or trimethyltin chloride in toluene at a temperature of 60°C to the boiling point of the 
solvent used for 0.5 to 24 days to give the crude tetrazole compound [J. Org. Chem., 56, 2395(1991)]. 

35 [0042] Compound (VIII) can be obtained by reacting the resulting crude tetrazole compound with 1 to 10 equivalents 
of trityl chloride in the presence of a suitable base (e.g. triethylamine and pyridine) in an inert solvent such as dichlo- 
romethane or DMF, or using the base per se as a solvent, at a temperature of 0 C C to the boiling point of the solvent used 
for 0.1 to 48 hours. 

40 (Step 15) 

[0043] Compound (l-1c) can be obtained by treating Compound (VIII) with a suitable acid (e.g. hydrochloric acid, sul- 
furic acid and p-toluenesulfonic acid) or a suitable base (e.g. lithium hydroxide, sodium hydroxide and potassium 
hydroxide) in an inert solvent such as a lower alcohol (e.g. methanol and ethanol), THF or dioxane at a temperature of 
45 room temperature to the boiling point ol the solvent used for 0.1 to 48 hours. 

[0044] Compound (1-1 ca) which is Compound (1-1 c) wherein m in V is 0 may also be prepared by the following reac- 
tion steps. 
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75 



20 



25 



30 



35 



O 




Step 16 




Y 
(V) 



CH, 



Y CH 3 
(IX) 



Step 17 



x 2 




Step 18 



X 2 . 




CH 2 -L a 



X 2 . 




Y CH 3 

(Xa) 



Step 15 



x 2 




(Villa) 



CH 2 -W 



* Y CH 2 -W 

(l-1ca) 



AO 

[0045] (In the formulae, R\ X 1 -X 2 -X 3 , Y, W, L a and Tr have the same meanings as defined above.) 
(Step 16) 

45 [0046] Compound (IX) can be obtained from Compound (V) according to the method of Step 1. 
(Step 17) 

[0047] Compound (Xa) can be obtained from Compound (IX) according to the method of Step 14. 

50 

(Step 18) 

[0048] Compound (Xba) can be obtained from Compound (Xa) according to the method of Step 12. 
55 (Step 19) 

[0049] Compound (Villa) can be obtained from Compound (Xba) according to the method of Step 4. 
[0050] Subsequently, Compound (I- lea) can be obtained according to the method of the above Step 15. 
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[0051] Alternatively, Compound (1-1 c) may be prepared by the following reaction steps. 
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25 
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X 2 , 




/It ii 



Step 20 



Y 

(Nib) 



V-CH 2 OH 



X 2 . 




Step 22 



V-CH 2 OH 



X 2 . 




Y 

<Xb) 



V-CH 2 -L 




Y V-CH 2 OR 10 

(llle) 



Step 21 



X 2 , 




Y V-CH 2 OR 10 

(Xc) 



X 2 , 




A Y V-CH 2 -W 
(I-1C) 



40 



[0052] (In the formulae, R 10 represents a protective group for a hydroxyl group; and R\ X^X^-X 3 , Y, V, W, L arid Tr 
have the same meanings as defined above.) 
45 [0053] Examples of the protective group for a hydroxyl group represented by R 10 include alkanoyl (e.g. acetyl) and 
aroyl (e.g. benzoyl) (both will be hereinafter referred to as acyl) as well as methoxymethyl, benzyl, (tert-butyl)dimethyl- 
silyl, and tetrahydropyranyl. 



(Step 20) 

50 

[0054] Compound (llle) can be obtained by protecting the hydroxyl group of Compound (lllb). 
[0055] In cases where the protective group is acyl, Compound (llle) can be obtained by reacting Compound (lllb) with 
an equivalent to a large excess of an acid anhydride (e.g. acetic anhydride) or an acid halide (e.g. benzoyl chloride) in 
the presence of a base (e.g. pyridine, lutidine, collidine, imidazole and triethylamine) in an inert solvent (e.g. dichlo- 
55 romethane and DMF), or using the base per se as a solvent, at a temperature of 0°C to the boiling point of the solvent 
used for 0.1 to 24 hours. 

[0056] In cases where the protective group is methoxymethyl, benzyl or (tert-butyl)dimethylsilyl, the same reaction as 
in the above acylation is carried out using the corresponding chloromethyl methyl ether, benzyl bromide or (tert- 
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butyl)dimethylsilyl chloride. 

[0057] In cases where the protective group is let rahyd ropy ranyl, Compound (II le) can be obtained by reacting Com- 
pound (lllb) with an equivalent to a large excess ol dihydropyran in the presence of an acid [e.g. p-toluenesulfonic acid 
and pyridinium p-toluenesulfonate (PPTS)] in an inert solvent (e.g. dichloromethane and THF) at a temperature of 0°C 
5 to the boiling point of the solvent used for 0.1 to 24 hours. 

(Step 21) 

[0058] Compound (Xc) can be obtained from Compound (Hie) according to the method of Step 14. 

10 

(Step 22) 

[0059] Compound (Xd) can be obtained by removing the protective group for the hydroxyl group in Compound (Xc). 
[0060] In cases where the protective group is acyl, Compound (Xd) can be obtained by treating Compound (Xc) with 

15 a suitable base (e.g. sodium methoxide, sodium hydroxide and potassium hydroxide) in an inert solvent (e.g. THF, meth- 
anol, ethanol and dioxane) at a temperature of 0°C to the boiling point of the solvent used for 0.1 to 24 hours or by treat- 
. ing Compound (Xc) with 0.1 equivalent to a large excess of metal hydride (e.g. lithium aluminum hydride) in an inert 
solvent (e.g. THF and ether) at a temperature of -78°C to the boiling point of the solvent used for 0.01 to 48 hours. 
[0061] In cases where the protective group is methoxymethyl or tetrahydropyranyl, elimination of the protective group 

20 is carried out according to the method of the above deacylation in the presence of an acid such as p-toluenesulfonic 
acid, PPTS, acetic acid, hydrochloric acid or sulfuric acid; and in the case of (tert-butyl)-dimethylsilyl, the same reaction 
is carried out in the presence of tetrabutylammonium fluoride, sodium fluoride, cesium fluoride, or the like. 
[0062] In cases where the protective group is benzyl, Compound (Xd) can be obtained by subjecting Compound (Xc) 
to reaction in the presence of a transition metal catalyst used for catalytic hydrogenation (e.g. palladium carbon and 

25 platinum) in a hydrogen atmosphere of atmospheric pressure to 100 atm. in an inert solvent (e.g. ethanol, dioxane and 
acetic acid) at a temperature of 0 to 250°C for 0.1 to 48 hours. 

(Step 23) 

30 [0063] Compound (Xb) can be obtained from Compound (Xd) according to the method of Step 3. 

[0064] Subsequently, Compound (l-1c) can be obtained according to the methods of the above Steps 19 and 15. 

Process 2 

35 Compound (I-2) [Compound (I) wherein Z 1 -Z 2 is CH-CH(COOH)-and A is carboxyl] 
[0065] Compound (I-2) can be prepared by the following reaction steps. 
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R 9 OCXX XOOR 9 
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Step 27 



R 9 OOCL XOOR 9 




Step 26 



Step 28 



, (Xlld) 



V-CH 2 -W 



R 9 OOC. XOOR 9 




R 1 



Y V-CH 2 OR 10 

(Xlla) 



Step 25 



R s OOC^ XOOR 9 




T V-GH 2 OH 

(Xllb) 



HOOC^ XOOH 




Y V-CH 2 -W 
(1-2) 



ao [0066] (In the formulae, R\ R 9 , R 10 , X 1 -X 2 -X 3 , Y, V, W and L have the same meanings as defined above.) 

[0067] The starting compound (XI) can be obtained by a known method (Japanese Published Unexamined Patent 
Application No. 250/90) or a method similar thereto. 

(Step 24) 

45 

[0068] Compound (Xlla) can be obtained by reacting Compound (XI) with an equivalent to a large excess of a 
malonate in the presence of a catalytic amount to a large excess of a Lewis acid, a protonic acid or an acid anhydride, 
and if necessary, in the presence of an equivalent to a large excess ol an amine, in an inert solvent (e.g. dichlorometh- 
ane, dichloroethane, benzene and toluene), or using the malonate per se as a solvent, at a temperature of -100°C to 

50 the boiling point of the solvent used for 0.1 to 100 hours. 

[0069] Examples of the Lewis acid, protonic acid and acid anhydride applicable are titanium tetrachloride, tin tetra- 
chloride, aluminum chloride, zinc chloride, boron trifluoride, trimethylsilyl triflate, trimethylsilyl iodide, trimethylsilyl bro- 
mide, trimethylsilyl chloride, titanium tetraisopropoxide, silica gel, alumina. Nation (registered trademark), sulfuric acid, 
hydrochloric acid, trifluoroacetic acid, methanesulfonic acid, trifluoromethanesulfonic acid, trichloroacetic acid, 

55 polyphosphoric acid, p-toluenesulfonic acid, trifluoroacetic anhydride, trichloroacetic anhydride, acetic anhydride and 
trifluoromethanesulfonic anhydride. 

[0070] Examples of the amine are triethylamine, diisopropylethylamine, tributylamine, dicyclohexylmethylamine, N- 
methylmorpholine, N-methylpiperidine and Proton Sponge (registered trademark). 
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(Step 25) 

[0071] Compound (Xllb) can be obtained from Compound (Xlla) according to the method of Step 22. 
(Step 26) 

[0072] Compound (Xllc) can be obtained from Compound (Xllb) according to the method of Step 3. 
(Step 27) 

[0073] Compound (Xlld) can be obtained from Compound (Xllc) according to the method of Step 4. 
(Step 28) 

[0074] Compound (i-2) can be obtained by hydrolysis of Compound (Xlld). The hydrolysis is carried out by treating 
Compound (Xlld) with a suitable base (e.g. lithium hydroxide, sodium hydroxide and potassium hydroxide) in a suitable 
aqueous solvent (e.g. methanol ethanol, THF and dioxane) at a temperature of room temperature to the boiling point 
of the solvent used for 0.1 to 48 hours. 

Process 3 

Compound (I-3) [Compound (I) wherein Z 1 -Z 2 is CH-CH 2 ] 

3-a: Process for preparing Compound (l-3a) which is Compound (I-3) wherein A is carboxyl 
[0075] Compound (l-3a) can be prepared by the following reaction step. 




[0076] (In the formulae, R\ R 9 , X 1 -X 2 -X 3 , Y, V and W have the same meanings as defined above.) 
(Step 29) 

[0077] Compound (l-3a) can be obtained by hydrolysis of Compound (Xlld). The hydrolysis is carried out by treating 
Compound (Xlld) with a suitable base (e.g. lithium hydroxide, sodium hydroxide and potassium hydroxide) in a suitable 
aqueous solvent (e.g. methanol, ethanol, THF and dioxane) at a temperature of room temperature to the boiling point 
of the solvent used for 0.1 to 48 hours. 

[0078] In cases where the reaction ceases after the hydrolysis and does not proceed to decarboxylation, the obtained 
intermediate is further subjected to reaction in the presence of piperidine in pyridine at a temperature of 50 C C to the 
boiling point of the solvent used for 0.1 to 48 hours, whereby the desired compound is obtained. 

3-b: Process for preparing Compound (l-3b) which is Compound (I-3) wherein A is carboxyl-substituted phenyl 

[0079] Compound (l-3b) can be prepared by the following reaction steps. 
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[0080] (In the formulae, R 9a has the same meaning as R 9 ; and R 1 , R 9 , R 10 , X 1 -X 2 -X 3 , Y, V and W have the same 
meanings as defined above.) 

(Step 30) 

[0081] Compound (XIII) can be obtained from Compound (XI) according to the method of Step 24 using a benzoate 
such as ethyl 2-[(ethoxycarbonyl)methyl]benzoate in place of the malonate. 

[0082] Subsequently? Compound (l-3b) can be obtained according to the methods of Steps 25 to 27 and 29. 

3-c: Process for preparing Compound (l-3c) which is Compound (I-3) wherein A is tetrazolyl and Compound (!-3d) 
which is Compound (I-3) wherein A is cyano 

[0083] Compound (l-3c) and Compound (l-3d) can be prepared by the following reaction steps. 
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15 



20 




(XVIa) (l-3d) 
Step 33 




(l-3c) 



40 

[0084] (In the formulae, R 1 , R 9 , R 10 , X 1 -X 2 -X 3 ; Y V, W and Tr have the same meanings as defined above.) 
(Step 31) 

45 [0085] Compound (XlVa) can be obtained Irom Compound (XI) according to the method of Step 24 using a cyanoa- 
cetate in place oi the malonate. 

[0086] Subsequently, Compound (l-3d) can be obtained according to the methods of Steps 25 to 27 and 29. 
(Step 32) 

50 

[0087] Compound (XVIa) can be obtained from Compound (l-3d) according to the method of Step 14. 
(Step 33) 

55 [0088] Compound (l-3c) can be obtained from Compound (XVIa) according to the method of Step 15. 
[0089] Alternatively, Compound (l-3c) can be prepared by the following reaction steps. 
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X 2 




Step 34 



Y 

(XVII) 



V-COOR 83 



CN 



X 2 . 




Step 36 



(XVb) 

Step 37 



V-COOH 



CN 



xl 



X 2 . 




Step 38 



Y 

(XVc) 



V-COOR 93 



R s OOC^ XN 



X 2 




* Y V-COOR 93 



(XlVb) 



Step 35 



HOOC^ ^CN 
XI 



X 2 , 




(XIVc) 



-R' 



X 3 ' - v- 

Y V-COOH 



X 2 




Y "^'V-COOR 93 

(XVIb) 



X 2 . 




Y ~ V-CH 2 -W 

.(l-3c) 



[0090] (In the formulae, R\ R 9 ; R 9s ? X 1 -X 2 -X 3 , Y, V, W and Tr have the same meanings as defined above.) 

[0091] The starting compound (XVII) can be obtained by a known method (Japanese Published Unexamined Patent 

Application No. 250/90) or a method similar thereto. 

(Step 34) 

[0092] Compound (XVII) is reacted with an equivalent to a large excess of thionyl chloride, in the presence of an inert 
solvent (e.g. dichloromethane and dichloroethane) if necessary, at a temperature of -50°C to the boiling point of the sol- 
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vent used for 0.1 to 48 hours to give a compound wherein OH is replaced by CI. 

[0093] Compound (XlVb) can be obtained by reacting the above compound with an equivalent to a large excess of a 
cyanoacetate in the presence of a suitable base (e.g. sodium hydride, potassium hydride, butyl lithium, LDA and potas- 
sium tert-butoxide) in an inert solvent (e.g. dichloromethane, DMF, THF and toluene) at a temperature of 0°C to the boil- 
5 ing point of the solvent used for 0.1 to 48 hours. 

(Step 35) 

[0094] Compound (XIVc) can be obtained from Compound (XI Vb) according to the method of Step 10. 

10 

(Step 36) 

[0095] Compound (XVb) can be obtained by subjecting Compound (XIVc) to reaction in the presence of piperidine in 
pyridine at a temperature of 50°C to the boiling point of the solvent used for 0.1 to 48 hours. 

75 

(Step 37) 

- [0096] Compound (XVc) can be obtained by reacting Compound (XVb) with a lower alcohol (e.g. methanol and eth- 
anol) in the presence of a catalytic amount of an acid (e.g. sulfuric acid) using the lower alcohol per se as a solvent at 
20 a temperature of 0°C to the boiling point of the solvent used for 0.1 to 48 hours. 

(Step 38) 

[0097] Compound (XVIb) can be obtained from Compound (XVc) according to the method of Step 14. 
25 [0098] Subsequently, Compound (l-3c) can be obtained according to the methods of Steps 2 to 4 and 15. 

Process 4 

Compound (I-4) [Compound (I) wherein Z 1 -Z 2 is N-CH 2 ] 

30 

4-a: Process for preparing Compound (l-4a) which is Compound (I-4) wherein A is cyano and m in V is 0 
[0099] Compound (l-4a) can be prepared by the following reaction steps. 

35 



40 



45 



50 



55 



18 



EP 0 549 352 B1 



5 




(XVIII) (XlXa) 

Step 40 




[0100] (In the formulae, R 11 represents hydrogen or benzyl; and R 1 , R 10 , X 1 -X 2 -X 3 , Y and W have the same meanings 
as defined above.) 

40 [0101] The starting compound (XVIII) can be obtained by a known method [Chem. Absts., 72, 43496v(1970); ibid., 
60, 2916a(l964); and Heterocyclic Compounds, 43, Part I, 392(1984)] or a method similar thereto. 

(Step 39) 

45 [0102] Compound (XlXa) can be obtained by treating Compound (XVIII) with 1 to 10 equivalents of a reducing agent 
(e.g. sodium borohydride and lithium aluminum hydride) in an inert solvent (e.g. THF and methanol) at a temperature 
of -50°C to the boiling point of the solvent used for 0.1 to 10 hours. 

(Step 40) 

so 

[0103] Compound (XlXb) can be obtained from Compound (XlXa) according to the method of Step 20. 
(Step 41) 

55 [0104] Compound (XVd) can be obtained by reacting Compound (XlXb) with a nitrile compound (e.g. iodoacetonitrile, 
bromoacetonitrile and chloroacetonitrile) in the presence of a suitable base (e.g. sodium hydride, potassium hydride, 
butyl lithium, LDA, potassium tert-butoxide and sodium amide), and if necessary, in the presence of sodium iodide or 
potassium iodide, in an inert solvent (e.g. benzene, toluene, dioxane, THF, DMF and DMSO) at a temperature of -100°C 
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to the boiling point of the solvent used for 0.1 to 48 hours. 

[0105] Alternatively, Compound (XVd) can be obtained by reacting Compound (XlXb) with an equivalent to a large 
excess of formalin or paraformaldehyde, and a prussiate (e.g. sodium cyanide and potassium cyanide) in the presence 
of acetic acid and/or trifluoroacetic acid in an inert solvent (e.g. dichloroethane, dioxane, THF and ethanol), or using 
5 acetic acid and/or trifluoroacetic acid per se as a solvent, at a temperature of 0°C to the boiling point of the solvent used 
for 0.1 to 48 hours. 



(Step 42) 



w [0106] Compound (XVe) can be obtained from Compound (XVd) according to the method of Step 22. 
[0107] Subsequently, Compound (l-4a) can be obtained according to the methods of Steps 3 and 4. 
[0108] Compound (l-4aa) which is Compound (l-4a) wherein V is oriented at the para-position from the N atom in the 
tricyclic system may also be prepared by the following reaction steps. 



15 



X 2 



H 



Step 43 *V N V^N 



X 2 , 



R 12 



20 



Y 
(XX) 




(XIXc) 



Step 44 



25 




50 [0109] {In the formulae, R 12 and R 13 independently represent lower alkyl or are combined together to represent - 
(CH 2 ) 2 -P-(CH 2 )/- [wherein P is CH, O, S or NR 14 (wherein R 14 is lower alkyl) and ( is 2 or 3] as -R 12 -R 13 -; and R 1 , X 1 - 
X 2 -X 3 , Y and W have the same meanings as defined above.) 

[0110] The lower alkyl represented by R 12 , R 13 and R 14 has the same meaning as defined above. 

[0111] The starting compound (XX) can be obtained according to a known method [Bull. Soc. Chim. Fr., 185(1981)]. 

55 

(Step 43) 

[0112] Compound (XIXc) can be obtained by reacting Compound (XX) with an equivalent to a large excess of formalin 
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or paraformaldehyde, and a secondary amine (e.g. N-methylpiperazine, piperidine and dialkylamine) in the presence of 
acetic acid and/or trifluoroacetic acid in an inert solvent (e.g. dichloroethane, dioxane, THF and ethanol), or using acetic 
acid and/or trifluoroacetic acid per se as a solvent, at a temperature ol 0 C C to the boiling point of the solvent used for 1 
to 48 hours. 

5 

(Step 44) 

[0113] Compound (XXI) can be obtained by reacting Compound (XIXc) with a mixed acid anhydride prepared from 
acetic acid and formic acid in dichloroethane at room temperature for about one day. 

w 

(Step 45) 

[0114] Compound (XXI) is reacted with an equivalent to a large excess of a chloroformate (e.g. ethyl chloroformate 
and isobutyl chloroformate) in an inert solvent (e.g. dichloromethane, dichloroethane and ethyl acetate) at a tempera- 
15 ture of -50°C to the boiling point of the solvent used for 0.1 to 24 hours to give a compound wherein -NR 12 R 13 is 
replaced by CI. Subsequently, Compound (XlXd) can be obtained according to the method of Step 4. 
[0115] In cases where the reaction does not proceed to deformylation, the obtained intermediate is treated with a 
base (e.g. sodium methoxide and sodium ethoxide) in an inert solvent (e.g. dioxane) at a temperature of 0°C to the boil- 
ing point of the solvent used for 0.1 to 48 hours, whereby the desired compound is obtained. 

20 

(Step 46) 

[0116] Compound (l-4aa) can be obtained from Compound (XlXd) according to the method of Step 41. 
[0117] Alternatively, Compound (l-4aa) can be prepared by the following reaction steps. 

25 
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w 



15 



20 



25 



30 



35 



x 2 



(XX) 



-R 1 



Step 47 



CN 



,n. 



X 2 



Step 49 



Y 

(XVea) 



CH 2 OH 



X 2 , 



r 

N, 



CN 



Y 

(l-4aa) 



CH 2 -W 



X 2 



r 



Y 

(XXII) 



Step 48 



CN 



'Y 

(XVf) 



CHO 



[0118] (In the formulae, R 1 , X 1 -X 2 -X 3 , Y and W have the same meanings as defined above.) 

40 

(Step 47) 

[0119] Compound (XXII) can be obtained from Compound (XX) according to the method of Step 41 . 
Ah (Step 48) 

[0120] Compound (XVf) can be obtained by reacting Compound (XXII) with phosphorous oxychloride and DMF or 
methylformanilide, in the presence of an inert solvent such as dichloroethane if necessary, at a temperature of room 
temperature to 100°C for 1 to 24 hours. Preferably, the reaction is carried out using 3 equivalents of phosphorous oxy- 
50 chloride and 3 equivalents of methylformanilide in the presence of dichloroethane at a temperature of 70 to 90°C for 5 
to 15 hours. 

(Step 49) 

55 [0121] Compound (XVea) can be obtained from Compound (XVf) according to the method of Step 39. 
[0122] Subsequently, Compound (l-4aa) can be obtained according to the methods of Steps 3 and 4. 
[0123] Further, Compound (l-4aa) can also be prepared by the following reaction steps. 
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[0124] (In the formulae, R\ R 12 , R 13 X 1 -X 2 -X 3 , Y and W have the same meanings as defined above.) 
(Step 50) 

[0125] Compound (XVg) can be obtained from Compound (XXII) according to the method of Step 43. 
[0126] Subsequently, Compound (l-4aa) can be obtained according to the method of Step 45. 

4-b: Process for preparing Compound (l-4b) which is Compound (I-4) wherein A is carboxyl and m in V is 0 

[0127] Compound (Mb) can be prepared by the following reaction step. 



r CN r 

• M 



. COCH 



* Y ^CH,-W CH 2 -W 
(Ma) «- 4b ) 



[0128] (In the formulae, R 1 , X 1 -X 2 -X 3 Y and W have the same meanings as defined above.) 
(Step 51) 

[0129] Compound (l-4b) can be obtained from Compound (l-4a) according to the method of Step 5. 

4-c: Process for preparing Compound (l-4c) which is Compound (I-4) wherein A is carboxyl-substituted phenyl, m in V 
is 0 and V is oriented at the para-position from the N atom in the tricyclic system 

[0130] Compound (l-4c) can be prepared by the following reaction steps. 
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[0131] (In the formulae, R 1 , R 9 , X 1 -X 2 -X 3 , Y and W have the same meanings as defined above.) 
. (Step 52) 

[0132] Compound (XXIIIa) can be obtained from Compound (XX) according to the method of Step 41 using a ben- 
zoate [e.g. ethyl 2-(chloromethyl)benzoate] in place of the nitrile compound. 

(Step 53) 

[0133] Compound (XXIIIb) can be obtained from Compound (XXIIIa) according to the method of Step 48. 
[0134] Subsequently, Compound (l-4c) can be obtained according to the methods of Steps 39, 3, 4 and 10. 

4-d: Process for preparing Compound (l-4d) which is Compound (I-4) wherein A is tetrazolyl and m in V is 0 

[0135] Compound (l-4d) can be prepared by the following reaction steps. 
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, 0 • Y CH 2 OR 10 Y CH 2 OR 10 

(XlXb) (XXIVa) 



15 



20 



Step 55 

JOS JOS 

\ N I N 

/VV^ R , , Step 56 AV^L 

Y CH 2 -L Y CH 2 OH 

(XXIVc) (XXIVb) 

Step 57 



35 



40 



n r n 



Y CH 2 -W Y CH 2 -W 

(XXlVd) (l-4d) 



[0136] (In the formulae, R 1 , R 10 , X 1 -X 2 -X 3 , Y, L, W and Tr have the same meanings as defined above.) 
45 (Step 54) 

[0137] Compound (XXIVa) can be obtained from Compound (XlXb) according to the method of Step 41 using N-trit- 
ylchloromethyltetrazole in place of the nitrile compound. 

so (Step 55) 

[01 38] Compound (XXIVb) can be obtained from Compound (XXIVa) according to the method of Step 22. 
(Step 56) 

55 

[01 39] Compound (XXIVc) can be obtained from Compound (XXIVb) according to the method of Step 3. 
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(Step 57) 

[0140] Compound (XXI Vd) can be obtained from Compound (XXI Vc) according to the method of Step 4. 
5 (Step 58) 

[0141] Compound (l-4d) can be obtained from Compound (XXI Vd) according to the method of Step 15. 
[0142] Alternatively, Compound (l-4d) can be prepared by the following reaction steps. 



10 



15 



20 



25 



30 



X<^- 



CN 



Y ~ CH 2 -W 

(l-4a) 



OS 



1 Step 59 /V"' . 

-R 1 X 2 



R 1 



* Y CH 2 -W 

(XXlVd) 



Step 58 , -r, 
— *- x 2 , 



y ch 2 -w 
(l-4d) 



35 



[0143] (In the formulae, R 1 , X 1 -X 2 -X 3 , Y, W and Tr have the same meanings as defined above.) 
(Step 59) 



[0144] Compound (XXI Vd) can be obtained from Compound (l-4a) according to the method of Step 14. 
[0145] Subsequently, Compound (l-4d) can be obtained according to the method of the above Step 58. 
40 [0146] Compound (l-4aaa) and Compound (l-4da) which are respectively Compound (l-4a ) and Compound (l-4d) 
wherein W represents 



45 



OR 15 
— N N 

M 

R 9 OOC— (x /> 



50 



(wherein R 15 is lower alkyl; and R 3 and R 9 have the same meanings as defined above) and V is oriented at the para- 
position from the N atom in the tricyclic system may also be prepared by the following reaction steps. 
55 [0147] The lower alkyl represented by R 15 has the same meaning as defined above. 
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[0148] (In the formulae, teoc is t-butoxycarbonyl; and R 1 , R 3 R 9 , R 12 , R 13 , R 15 , X 1 -X 2 -X 3 and Y have the same mean- 
ings as defined above.) 

(Step 60) 

[0149] Compound (XVh) can be obtained from Compound (XVg) according to the method of Step 45 using a com- 
pound represented by the formula 
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l B0C NO. 



5 




10 (wherein teoc, R 3 and R 9 have the same meanings as defined above), which can be obtained according to the method 
described in Japanese Published Unexamined Patent Application No. 9373/92, in place of the compound represented 
by the formula H-W. 

(Step 61) 

15 

[0150] Compound (XVi) can be obtained by treating Compound (XVh) with trifluoroacetic acid in an inert solvent (e.g. 
dichloroethane, dioxane, THF and ethanol), or using trifluoroacetic acid per se as a solvent, at a temperature of 0°C to 
the boiling point of the solvent used for 0.1 to 48 hours. 

20 (Step 62) 

[0151] Compound (XVj) can be obtained by subjecting Compound (XVi) to reaction in the presence of a transition 
metal catalyst used for catalytic hydrogenation (e.g. palladium carbon and platinum) in a hydrogen atmosphere of 
atmospheric pressure to 100 atm. in an inert solvent (e.g. ethanol, dioxane and acetic acid) at a temperature of 0 to 
25 250°C for 0.1 to 48 hours, or by subjecting Compound (XVi) to reaction in the presence of excess iron, tin, zinc, or the 
like in an inert solvent (e.g. hydrochloric acid and acetic acid) at a temperature of 0°C to the boiling point of the solvent 
used for 0.1 to 24 hours. 

(Step 63) 

30 

[0152] Compound (XVk) can be obtained by reacting Compound (XVj) with an equivalent to a large excess of a chlo- 
roformate (e.g. ethyl chloroformate and isobutyl chloroformate) in the presence of a base (e.g. pyridine and triethyl- 
amine) in an inert solvent (e.g. dichloromethane, dichloroethane and ethyl acetate), or using pyridine per se as a 
solvent, at a temperature of 0°C to room temperature for 0.1 to 24 hours, and then treating the obtained intermediate 
35 with a base (e.g. sodium methoxide and sodium ethoxide) in a lower alcohol (e.g. methanol and ethanol) at a tempera- 
ture of 0°C to the boiling point of the alcohol used for 0.1 to 48 hours. 

(Step 64) 

40 [0153] Compound (l-4aaa) can be obtained by reacting Compound (XVk) with phosphorous oxychloride at a temper- 
ature of room temperature to 100°C for 0.5 to 24 hours, and then treating the obtained intermediate with a base (e.g. 
sodium methoxide and sodium ethoxide) in a lower alcohol (e.g. methanol and ethanol) at a temperature of room tem- 
perature to the boiling point of the alcohol used for 0.1 to 48 hours. 

[0154] Subsequently, Compound (l-4da) can be obtained according to the methods of Steps 14 and 15. 

45 

4-e: Process for preparing Compound (l-4e) which is Compound (I-4) wherein A is cyano-substituted phenyl, m in V is 
0 and V is oriented at the para-position from the N atom in the tricyclic system and Compound (l-4f) which is Compound 
(I-4) wherein A is tetrazolyl-substituted phenyl, m in V is Oand V is oriented at the para-position from the N atom in the 
tricyclic system 

50 

[0155] Compound (l-4e) and Compound (l-4f) can be prepared by the following reaction steps. 



55 



28 



EP 0 549 352 B1 




(l-4e) (XXVb) 




(l-4f) 

[0156] (In the formulae, R 1 , X 1 -X 2 -X 3 , Y and W have the same meanings as defined above.) 
(Step 65) 

[0157] Compound (XXVa) can be obtained from Compound (XX) according to the method of Step 41 using a benzyl 
halide (e.g. 2-cyanobenzylbromide) in place of the nitrile compound. 

(Step 66) 

[01 58] Compound (XXVb) can be obtained from Compound (XXVa) according to the method of Step 48. 
[0159] Subsequently, Compound (l-4e) can be obtained according to the methods of Steps 39, 3 and 4, and Com- 
pound (l-4f) can be obtained from Compound (l-4e) according to the methods of Steps 14 and 15. 
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Proc ess 5. 

Compound (I-5) [Compound (I) wherein Z 1 -Z 2 is N-CH 2 CH 2 ] 

5: Process for preparing Compound (l-5a) which is Compound (I-5) wherein A is cyano, m in V is 0 and V is oriented at 
the para-position from the N atom in the tricyclic system and Compound (l-5b) which is Compound (I-5) wherein A is 
tetrazolyl, m in V is 0 and V is oriented at the para-position from the N atom in the tricyclic system 

[0160] Compound (l-5a) and Compound (l-5b) can be prepared by the following reaction steps. 



H 



XI 



x 2 , 



-RV 



Step 67 



Y 
(XX) 



X 2 , 



•R 1 



CH 2 -W 



X 2 , 




Y 

(■-5b) 



CH 2 -W 



r 



CN 



Y 

(XXVI) 



Step 68 



X 2 , 



•R 1 



Y 

(XXVIIa) 



CHO 



[0161] (In the formulae, R 1 , X 1 -X 2 -X 3 , Y and W have the same meanings as defined above.) 
(Step 67) 

[0162] Compound (XXVI) can be obtained by reacting Compound (XX) with an equivalent to a large excess of acry- 
lonitrile in the presence of a catalytic amount of Triton B in an inert solvent such as benzene or toluene at a temperature 
of room temperature to the boiling point of the solvent used for 0.5 to 24 hours [Yakugaku Zasshi, 76, 640(1956)]. 

(Step 68) 

[0163] Compound (XXVIIa) can be obtained from Compound (XXVI) according to the method of Step 48. 
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[0164] Subsequently, Compound (l-5a) can be obtained according to the methods of Steps 39, 3 and 4, and Com- 
pound (l-5b) can be obtained from Compound (l-5a) according to the methods of Steps 14 and 15. 

Process 6 

[0165] Process for preparing Compound (I-6) which is Compound (I) wherein Z 1 -Z 2 is N-(CH 2 ) n -, m in V is 0, V is ori- 
ented at the para-position from the N atom in the tricyclic system, and W is 



R 2 

R 9 OOC— / )> 



(wherein R 2 , R 3 and R 9 have the same meanings as defined above). 
[01 66] Compound (I-6) can be prepared by the following reaction steps. 



CHO 
I 



^/ V Nn ^N n , R i* Step 69 




A 

(CH 2 ) n 



x2 ' —1 — 2L — Z5 — R i I 



d-6) hooc -^ r3 



X tl 




(XXVIII) R 9 OOC 

Step 70 




[0167] (In the formulae, R 1 , R 2 , R 3 . R 9 , R 12 , R 13 , X 1 -X 2 -X 3 and Y have the same meanings as defined above.) 
(Step 69) 

[0168] Compound (XXVIII) can be obtained from Compound (XXI) according to the method of Step 45 using a com- 
pound represented by the formula 
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5 



R 9 OOC 




(wherein R 2 , R 3 and R 9 have the same meanings as defined above), which can be obtained according to the method 
described in Japanese Published Unexamined Patent Application No. 9373/92, in place of the compound represented 
by the formula H-W. 



[0169] Compound (XXIX) can be obtained by subjecting Compound (XXVIII) to reaction in the presence of a transition 
metal catalyst used for catalytic hydrogenation (e.g. palladium carbon and platinum) in a hydrogen atmosphere of 
atmospheric pressure to 100 atm. in an inert solvent (e.g. ethanol, dioxane and acetic acid) at a temperature of 0 to 
20 250°C for 0.1 to 48 hours, or by heating Compound (XXVIII) under reflux in the presence of excess iron, tin, zinc, or the 
like in an inert solvent (e.g. hydrochloric acid and acetic acid) for 0.1 to 24 hours. 

[0170] In cases where the reaction ceases after reduction and does not proceed to cyclization in the catalytic hydro- 
genation in a solvent such as ethanol or dioxane, the obtained intermediate is heated under reflux after addition of a 
small amount of an acid (e.g. hydrochloric acid and acetic acid), whereby the desired compound is obtained. 
25 [0171] Subsequently, Compound (I-6) can be obtained according to the synthetic methods described above. 



15 



(Step 70) 



Process 7 



[0172] Process for preparing Compound (I-7) which is Compound (I) wherein W is 



30 



R 6 



35 




40 



(wherein R 5 , R 6 and R 7 have the same meanings as defined above). 
[0173] Compound (I-7) can be prepared by the following reaction steps. 



45 



50 



55 
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Z* 
I 



X 2 



-R 1 



Step 71 



Y ~ CHO 
(XXXa) 



xl 



x 2 , 



-R 1 R 6 



(XXXb) 



H 



Step 72 



Z 2 " 

XV^V^ 
tf' _L JL J_R1 R6 - 

0-7) i~ R5 



x 2 



VN 



R 1 R 6 



(XXXc) n )~ R5 



[0174] (In the formulae, Z 3 -Z 4 represents Z 1 -Z 2 -A or its precursor; and R 1 , R 5 , R 6 , R 7 , A, X 1 -X 2 -X 3 , Y and Z 1 -Z 2 have 
the same meanings as defined above.) 

(Step 71) 

[0175] Compound (XXXb) can be obtained by reacting Compound (XXXa) with a compound represented by the for- 
mula H 2 NR 6 R 7 (wherein R 6 and R 7 have the same meanings as defined above) in the presence of molecular sieves, 
and if necessary, in the presence of an acid such as p-toluenesulfonic acid in an inert solvent (e.g. THF and alcohol) at 
a temperature of room temperature to the boiling point of the solvent used for one hour to one week, and then treating 
the reaction mixture with an equivalent to a large excess of a reducing reagent such as sodium cyanoborohydride in the 
presence of an alcohol (e.g. methanol and ethanol) at a temperature of 0°C to room temperature for one hour to 3 days. 

(Step 72) 

[0176] Compound (XXXc) can be obtained by reacting Compound (XXXb) with an acid halide (e.g. acetyl chloride 
and propionyl chloride) or an acid anhydride (e.g. acetic anhydride and propionic anhydride) in the presence of a base 
(e.g. pyridine, triethylamine and sodium hydride) in an inert solvent (e.g. dichloromethane, DMF, THF and toluene), or 
using the base per se as a solvent, at a temperature of 0°C to the boiling point of the solvent used for 0.1 to 24 hours. 
[0177] Subsequently, Compound (I-7) can be obtained according to the synthetic methods described above. 

Process 3 

[0178] Process for preparing Compound (I-8) which is Compound (I) wherein W is 
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R 8 COOH 



(wherein R° and Q have the same meanings as defined above) 

[0179] Compound (I-8) can be prepared by the following reaction steps. 




(I-8) 

[0180] (In the formulae, R 1 , R 8 , R 9 , R 12 , R 13 , Q, A, X 1 -X 2 -X 3 , Y, Z 1 -Z 2 and Z 3 -Z* have the same meanings as defined 
above.) 

(Step 73) 

[0181] Compound (I-9) can be obtained from Compound (XXXIa) according to the method of Step 45 using a com- 
pound represented by the formula 




(wherein R 8 , R 9 and Q have the same meanings as defined above) [J. Med. Chem., 35, 3714(1992)] in place of the 
compound represented by the formula H-W. 

[0182] Subsequently, Compound (I-8) can be obtained according to the synthetic methods described above. 
[0183] Alternatively, Compound (I-8) can be prepared by the following reaction steps. 
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w 



15 



z 4 



x 2 , 



•R 1 



Step 74 



Y 

(XXXIc) 



CHO 



20 



(1-8) 



2' 



X 3 ' 

(XXXId) 



Step 75 



z 4 

.21 



(1-9) 



25 

[0184] (In the formulae, R 1 , R 8 , R 9 , Q, A, X 1 -X*-X 3 , Y, Z 1 -Z 2 and Z^Z 4 have the same meanings as defined above.) 
(Step 74) 

30 [0185] Compound (XXXId) can be obtained from Compound (XXXIc) according to the method of Step 71 using a com- 
pound represented by the formula H 2 NR 8 (wherein R 8 has the same meaning as defined above) in place of the com- 
pound represented by the formula H 2 NR 6 R 7 . 



35 



(Step 75) 

[0186] Compound (I-9) can be obtained by reacting Compound (XXXId) with a compound represented by the formula 



40 



or 



45 



50 



55 



(wherein R 8 and Q have the same meanings as defined above) in the presence of a base (e.g. pyridine, triethylamine 
and sodium hydride) in an inert solvent (e.g. dichloromethane, DMF, THF and toluene), or using the base per se as a 
solvent, at a temperature of 0°C to the boiling point of the solvent used for 0.1 to 24 hours. 
[0187] Subsequently, Compound (I-8) can be obtained according to the synthetic methods described above. 
[0188] In the above processes for producing Compounds (I), the order of the reaction steps may be varied. 
[0189] In the case where a salt of Compound (I) is desired and it is produced in the form of the desired salt, it can be 
subjected to purification as such. In the case where Compound (I) is produced in the free state and its salt is desired, 
Compound (I) is treated with an acid or a base in an appropriate solvent, followed by isolation and purification. 
[0190] The intermediates and the desired products in the processes described above can be isolated and purified by 
purification means conventionally used in organic synthetic chemistry, for example, filtration, extraction, washing, dry- 
ing, concentration, recrystallization and various kinds of chromatography. The intermediates can be subjected to the 
subsequent reaction without particular purification. 

[0191] There may be stereoisomers such as geometrical isomers and optical isomers for Compounds (I) and the 
present invention covers all possible isomers including the above-mentioned ones. 
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[0192] Compounds. (I) and pharmaceutical^ acceptable salts thereof may be in the form of adducts with water or var- 
ious solvents, which are also within the scope of the present invention. 

[0193] Representative examples of Compounds (I) of the present invention are shown in Table 1. 



Table 1 



„COOH 




H 3 C 

Compound 3 




h 3 c 
Compound 2 



,COOH 




h 3 c 
Compound 4 




h 3 c 
Compound 5 




Compound 6 



„COOH 




Compound 7 




Compound 8 A 
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Compound 8B 



,COOH 




Compound 10 



„COOH 




H 3 C 

Compound 12 



Tet-Tr 




CH 3 

Compound 14 




Compound 11 



-Tet-Tr 




Compound 13 



0-ch, 

H 3 C 

Compound 15 
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XOOH 




H3C 

Compound 16 




H3CH N 



CH 3 

Compound 18 



H 3 C 

Compound 20 



/ret 



H 3 C 

Compound 22 




Compound 17 




H3C 

Compound 21 



XOOH 



H 3 C 

Compound 23 
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^Tet-Tr 




H 3 C 

Compound 24 




H 3 C 

Compound 25 



^Tet-Tr 




JTet-Tr 



H 3 C 

Compound 26 




H 3 C 

Compound 27 




H 3 C 

Compound 28 




Compound 29 



CN 



H 3 C 

Compound 30 



^Tet-Tr 

cox/. 




N yV-CH, 



H 3 C 

Compound 31 
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^.Tet 




N 7 )-CH3 



H 3 C 

Compound 32 




h 3 c 

Compound 34 



r 



Tot 





Compound 36 



HOOC. 




y> cH > 



H 3 C 

Compound 38 



^COOH 



1 i-CHa 



H,C 



Compound 33 




h 3 c 

Compound 35 



N N 



H 3 C 

Compound 37 



Jet 



HOOC- 



Compound 39 
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10 





N COOEt 



15 



Compound 40 Compound 41 

cAx.r. cfoi- 



20 * » " CH » 




H 3 C 

Compound 42 Compound 43 



25 



0- c 



H 3 C 

Compound 44 



35 



Tet represents tetrazolyl and Tr represents trityl. 

40 

[0194] The pharmacological activities of representative Compounds (I) are shown below by experimental examples. 
Experimental Example 1 

45 

Receptor binding test using bovine adrenal cortex 

[0195] Tissue of bovine adrenal cortex was finely cut and suspended in a 0.25M sucrose solution containing NaHC0 3 , 
ethylenediaminetetraacetic acid (EDTA), leupepsin, pepstatin A and phenylmethanesulfonyl fluoride, followed by 

50 homogenization. The homogenate was centrifuged at 3,000 rpm for 10 minutes and the supernatant was centrifuged 
at 9,000 rpm. Then, the supernatant was further centrifuged at 30,000 rpm for 60 minutes and the precipitate was sus- 
pended in NaHC0 3 -EDTA solution, followed by centrifugation at 30,000 rpm for 60 minutes. The resulting precipitate 
was suspended in a phosphate buffer and the suspension was used for the binding test as an All receptor source. 
[0196] To a test compound or a solvent were added 250 ul of the All receptor solution prepared above, 250 ul of Tris 

55 50 mM buffer containing 0.2% bovine serum albumin (BSA), and 20 ul of [ 125 I]AII (2.5 x 10" 10 M). The mixture was 
allowed to stand at room temperature for 2 hours and then filtered through a glass fiber filter (GF/B Wattman). The filter 
was placed in a test tube and the radioactivity was measured using a gamma-counter. 

[0197] The inhibitory activity (inhibition rate) of the test compound (0.1 uM) against the receptor binding of [ 125 I]AII 
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was calculated by the following equation. 

Inhibition Rate (%) = 

(Binding Amount in the Presence of a Test Compound) - (Nonspecific Binding Amount) ^ ^ ^ 
5 t" (Total Binding Amount) - (Nonspecific Binding Amount) ) 

[0198] The binding amount in the presence of a test compound is the amount of radioactivity of [ 125 I]AII bound in the 
presence of a test compound (0.1 uM). 
10 [0199] The total binding amount is the amount of radioactivity of [ 125 I]AII bound in the absence of a test compound. 
[0200] The nonspecific binding amount is the amount of radioactivity of [ 125 I]AII bound in the presence of 1 uM All. 
[0201] The results are shown in Table 2. 



Table 2 



20 



25 



30 



40 



Compound Number 


Inhibition Rate (%) 


1* 


43 


3* 


78 


4* 


77 


6 E 


87 


6-Z* 


66 


T 


52 


11 


84 


12 


72 


16 


91 


18-Z 


81 . 


19* 


14 


20A* 


70 


20B* 


88 


22-E* 


80 


23 


61 


25* 


94 


28* 


83 


29* 


92 


32 


86 


33* 


88 


34* 


97 


38* 


68 


40* 


95 


42* 


85 



[0202] In the column of Compound Number in the table, E means the E form, Z means the Z form, A and B mean that 
55 they are geometrical isomers with respect to the stereochemistry of the double bond, and * means an adduct with water 
and/or a solvent. These symbols have the same meanings in the following description. 
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Experimental Example 2 

Inhibition test against hypertensive response to All 

5 . [0203] Male Wistar rats were anesthetized with pentobarbital. A cannula for blood pressure measurement was 
inserted from the right femoral artery into the abdominal aorta and another cannula for All injection was inserted into 
the right femoral vein. The cannulae were passed under skin and fixed after coming out of the back, and the blood pres- 
sure was recorded on a polygraph from the artery cannula using a voltage transformer. 

[0204] On the day after operation, 0.3 ug/kg All was intravenously injected into each animal and the change in the 
w average artery blood pressure was examined as the control pressor response. Then, a test compound (1 mg/kg) was 
orally administered and after one hour, 0.3 M9/ k 9 A, l was injected again, followed by examination of the pressor 
response. The inhibitory effect of the test compound against the control pressor response was determined as the inhi- 
bition rate. Compound 32 exhibited the inhibition rate of 45%. 

[0205] Though Compounds (I) and pharmaceutical^ acceptable salts thereof may be administered as they are, it is 
15 usually desirable to provide them in the form of various pharmaceutical preparations. Such pharmaceutical prepara- 
tions can be used for both human beings and animals. 

[0206] The pharmaceutical preparations in accordance with the present invention may contain Compound (I) or a 
pharmaceutical^ acceptable salt thereof, as an active ingredient, either solely or as a mixture with other therapeutically 
effective components. The pharmaceutical preparations may be prepared by any means which are well known in the 
20 technical field of pharmaceutics after mixing the active ingredient with one or more pharmaceutical^ acceptable carri- 
ers. 

[0207] It is desired to use the administration route which is the most effective in therapy such as oral route or 
parenteral route (e.g. intrarectal, intrabuccal, subcutaneous, intramuscular and intravenous administrations). 
[0208] Examples of dosage forms are capsules, tablets, granules, syrups, emulsions, suppositories and injections. 

25 [0209] Liquid preparations suitable for oral administration such as emulsions and syrups can be prepared using water, 
sugars (e.g. sucrose, sorbitol and fructose), glycols (e.g. polyethyleneglycol and propyleneglycol), oils (e.g. sesame oil, 
olive oil and soybean oil), preservatives (e.g. p-hydroxybenzoates), flavors (e.g. strawberry flavor and peppermint), and 
the like. Capsules, tablets, powders, granules, etc. can be prepared using excipients (e.g. lactose, glucose, sucrose and 
mannitol), disintegrators (e.g. starch and sodium alginate), lubricants (e.g. magnesium stearate and talc), binders (e.g. 

30 polyvinyl alcohol, hydroxypropylcellulose and gelatin), surfactants (e.g. fatty acid esters), plasticizers (e.g. glycerin), and 
the like. 

[0210] Preparations suitable for parenteral administration comprise sterilized aqueous preparations of the active com- 
pound which are preferably isotonic to the blood of the patient. For example, a solution for injection is prepared using a 
carrier such as a salt solution, a glucose solution or a mixture of a salt solution and a glucose solution. Preparations for 
35 intrarectal administration are prepared using a carrier such as cacao fat, hydrogenated fat or a hydrogenated carboxylic 
acid and are provided as suppositories. 

[0211] These parenteral preparations may also contain one or more auxiliary components selected from the above- 
mentioned diluents, flavors, preservatives, excipients, disintegrators, lubricants, binders, surfactants and plasticizers. 
[0212] The effective dose and the administration schedule of Compounds (I) or pharmaceutical^ acceptable salts 

40 thereof may vary depending upon the administration route, age and body weight of a patient and the type or degree of 
the disease to be treated, but usually, in the case of oral administration, the effective compound is administered in a 
dose of 0.01 mg to 1 g/person/day at one time or in several parts. In the case of parenteral administration such as intra- 
venous injection, the effective compound is administered in a dose of 0.001 mg to 100 mg/person/day at one time or in 
several parts. It should, however, be noted that the dose may vary depending upon various conditions as given above. 

45 [0213] Certain embodiments of the invention are illustrated in the following examples. 

Example 1 

[3-(4-Methyl-2-propylbenzimidazol-1-yl)methyl-6,1 1 -dihydrodibenz[b,e]oxepin-1 1-yliden]acetic acid (Compound 1) 

50 

(Step A) 

Ethyl (3-carboxy-6,11-dihydrodibenz[b,e]oxepin-1 1-yliden)-acetate (Compound 1-a) 

55 [0214] A solution of LDA in THF was prepared by adding 11. 9 ml of diisopropylamine and 49 ml of n-butyl lithium 
(1 .65M hexane solution) to 300 ml of THE To this solution was added 14 ml of ethyl (trimethylsilyl)acetate at -78°C and 
the mixture was stirred for one hour. Under the same conditions, 300 ml of a solution of 6.5 g of 1 1 -oxo-6,1 1 -dihydrod- 
ibenz[b,e]oxepin-3-carboxylic acid in THF was added dropwise thereto. Then, the mixture was gradually brought to 
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room temperature and was stirred for 3 hours, followed by addition of ice chips. After being adjusted to pH 5 with 4N 
aqueous hydrochloric acid, the mixture was extracted with ethyl acetate, and the organic layer was washed with a sat- 
urated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure, and the residue was purified by silica gel column chromatography [eluent: chloroform/metha- 
5 . nol (20/1 )] to give 7.63 g (92%) of the product as a colorless oily substance. 

NMR (CDCI 3 ; 8, ppm): 1.13(t, J=7.0Hz, 2.1 H; E form), 1.1 8(t, J=7.0Hz, 0.9H; Z form), 4.10(q, J=7.0Hz, 1.4H; E 
form), 4.17(q, J=7.0Hz, 0.6H; Z form), 5.26(bs, 2H), 6.10(s, 0.3H; Z form), 6.39(s, 0.7H; E form), 7.1-7.7(m, 7H) 

10 (StepB) 

Ethyl (3-hydroxymethyl-6,11-dihydrodibenz[b,e]oxepin-11-yliden)acetate (Compound 1-b) 

[0215] Sodium borohydride (2.22 g) was dissolved in 300 ml of THF, and 7.45 g of iodine was added to the solution 
15 under ice cooling. Then, 300 ml of a solution of 7.63 g of Compound 1 -a in THF was added under the same conditions 
and the mixture was stirred at room temperature overnight, followed by addition of ice chips. The mixture was then 
diluted with ethyl acetate, and the organic layer was washed with a saturated aqueous solution of sodium chloride and 
dried, over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was 
purified by silica gel column chromatography [eluent: chloroform] to give 6.58 g (90.2%) of the product as a colorless 
20 oily substance. 

NMR (CDCI 3 ; 6, ppm): 1.22(t, J=7.1Hz, 3H), 4.05(q, J=7.1Hz, 2H), 4.54(s, 2H), 5.17(bs, 2H), 6.00(s, 0.3H; Z form), 
6.32(s, 0.7H; E form), 6.65-6.95(m, 2H), 7.1-7.45(m, 5H) 

25 (StepC) . 

Ethyl (3-chloromethyl-6,11-dihydrodibenz[b,e]oxepin-11-yliden)acetate (Compound 1-c) 

[0216] Compound 1-b (6.58 g) was dissolved in 200 ml of dichloromethane, and 6.2 ml of thionyl chloride and 6.9 ml 
30 of pyridine were added to the solution. The mixture was stirred at room temperature for 3 hours and then concentrated 
under reduced pressure. The obtained product was unstable and immediately subjected to the subsequent reaction 
without purification. 

NMR (CDCI 3 ; 8, ppm): 1.12(t, J=7.0Hz, 3H), 4.01 (q, J=7.0Hz, 2H), 4.41 (s, 2H), 5.15(bs, 2H), 5.95(s, 0.3H; Z form), 
35 6.26(s, 0.7H; E form), 6.7-7.0(m, 2H), 7.1-7.4(m, 5H) 

(Step D) 

Ethyl [3-(4-methyl-2-propyl-benzimidazol-1 -yl)methyl-6, 1 1 -dihydrodibenz[b,e]oxepin-1 1 -yliden]acetate (Compound 1 - 
40 d) 

[0217] 4-Methyl-2-propyl-benzimidazole (464 mg) was dissolved in a mixture of 50 ml of DMF and 80 ml of toluene, 
and 106.4 mg of sodium hydride (60% oily) was added to the solution under ice cooling, followed by stirring for 30 min- 
utes. To the mixture was added 732 mg of Compound 1-c, and the mixture was heated under reflux for 3 hours. After 
45 the solvent was distilled off under reduced pressure, the residue was diluted with ethyl acetate. The organic layer was 
washed with a saturated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate. The sol- 
vent was distilled off under reduced pressure, and the residue was purified by silica gel column chromatography [eluent: 
hexane/ethyl acetate/triethylamine (20/5/1)] to give 629 mg (61%) of the product. 

so NMR (CDCI 3 ; 8, ppm): 0.99(t, J=7.4Hz, 3H), 1.12(1, J=7.1Hz, 2.1 H; E form), 1 .18(1, J=7.1Hz, 0.9H; Zform), 1.37- 
1.86(m, 2H), 2.67(s, 3H), 2.81(t, J=7.9Hz, 2H), 4.05(q, J=7.1Hz, 1.4H; E form), 4.14(q, J=7.1Hz, 0.6H; Z form), 
5.16(bs, 2H), 5.21 (s, 2H), 6.00(s, 0.3H; Zform), 6.29(s, 0.7H; E form), 6.48(s, 1H), 6.53-6.56(m, 1H), 6.94-7.09(m, 
3H), 7.16-7.37(m, 5H) 

55 
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(StepE) 

Compound 1 (0.4 hydrate) 

5 [0218] A mixture of 628 mg of Compound 1-d, 224 mg of sodium hydroxide, 30 ml of methanol and 10 ml of water 
was heated under reflux for 3 hours. After cooling, the mixture was diluted with water, and adjusted to pH 5 with 4N 
aqueous hydrochloric acid. The resulting precipitate was separated from the mixture by filtration and washed with water 
to give 504 mg (85%) of the product. 

[0219] The product was a 5:2 mixture of geometrical isomers with respect to the stereochemistry of the double bond. 

10 

Melting point: 272°C (decomposition) 

NMR (DMSO-d 6 ; 5, ppm): 0.94(t, J=7.4Hz, 3H), 1 .67-1 .80(m, 2H), 2.51 (s, 3H), 2.76(t, J=7.4Hz, 2H), 5.14(bs, 2H), 
5.38(8, 2H), 5.96(s, 0.3H; Z form), 6.29(8, 0.7H; E form), 6.40(s, 1H), 6.55-6.62(m, 1H), 6.93-7.04(m, 2H), 7.14- 
7.44(m, 6H), 12.39(bs, 1H) 
15 IR(KBr; cm' 1 ): 2964, 1704, 1611, 1456, 1421, 1183, 1031, 752 



Elemental analysis (%) : 






C 28 H 26 N 2°3*°- 4H 2° 




Found : 


C 75.47, 


H6.12, 


N 6.15 


Calcd.: 


C 75.45, 


H 6.06, 


N6.28 



25 

Example 2 

[3-(5 > 7-Dimethyl-2-ethyl-3H-imida20[4,5-b]pyridin-3-yl)methyl-6,1 1 -dihydrodibenz[b,e]oxepin-1 1 -yliden]acetonitrile 
(Compound 2) 

30 

(Step A) 

(3-Ethoxycarbonyl-6.11 -dihydrodibenz[b,e]oxepin-1 1-yliden) acetonitrile (Compound 2-a) 

35 [0220] Diethyl (cyanomethyl)phosphonate (52 ml) was dissolved in 200 ml of THF, and 1 2.8 g of sodium hydride (60% 
oily) was added to the solution under ice cooling, followed by stirring for one hour. To the mixture, was added 200 ml of 
a solution of 1 7.3 g of ethyl 1 1 -oxo-6, 1 1 -dihydrodibenz[b, e]oxepine-3-carboxylate in THF, and the mixture was heated 
under reflux for 3 hours. After cooling, ice chips were added to the reaction mixture, and the mixture was then diluted 
with ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium chloride and dried over 

40 anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, the residue was purified by 
silica gel column chromatography [eluent: hexane/ethyl acetate (2/1 )] to give 1 1 .5 g (58%) of the product as a colorless 
oily substance. 

NMR (CDCI 3 ; 5, ppm): 1.34(t, J=7.1Hz, 3H), 4.33(q, J=7.1Hz, 2H), 5.1 7(s, 2H), 5.54(s, 0.33H; 2 form), 5.88(s, 
45 0.67H; E form), 7.2-7.8(m, 7H) 

(StepB) 

(3-Hydroxymethyl-6,11-dihydrodibenz[b,e]oxepin-1 1 -yliden)acetonitrile (Compound 2-b) 

50 

[0221] Compound 2-a (7.78 g) was dissolved in 500 ml of THF, and 2.75 g of lithium borohydride was added in small 
portions to the solution under ice cooling. The mixture was stirred at room temperature for 2 days, followed by further 
addition of 2.84 g of lithium borohydride. The mixture was stirred at room temperature for 4 days, and ice chips were 
added thereto. The reaction mixture was diluted with ethyl acetate and then adjusted to pH 5.5 with 4N aqueous hydro- 
55 chloric acid. The organic layer was washed with a saturated aqueous solution of sodium chloride and dried over anhy- 
drous magnesium sulfate. The solvent was distilled off under reduced pressure, and the resulting crude crystals were 
recrystallized from isopropanol to give 4.26 g (63%) of the product. 
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Melting point: 169.5-1 71 °C (isopropanol) 

NMR (DMSO-d 6 ; 5, ppm): 4.47(s, 0.5H; Z form), 4.53(s, 1 .5H; E form), 5.15(s, 2H), 5.59(s, 0.25H; Z form), 5.99(s, 
0.75H; E form), 6.8-7.0 (m, 2H), 7.2-7.8 (m, 5H) 

5 (StepC) 

(3-Chloromethyl-6,1 1-dihydrodibenz[b,e]oxepin-1 1-yliden)acetonitrile (Compound 2-c) 

[0222] The desired compound (2.3 g, 90%) was obtained from 2.4 g of Compound 2-b according to the same proce- 
w dure as in Step C of Example 1 . 

NMR (CDCI 3 ; 5, ppm): 4.47(s, 2H), 5.1 3(s, 2H), 5.45(s, 0.25H; Z form), 5.80(s, 0.75H; E form), 6.8-7.1 (m, 2H), 7.2- 
7.7(m, 5H) 

15 (StepD) 

Compound 2 

[0223] The same procedure as in Step D of Example 1 was repeated using 2.17 g of Compound 2-c and 1.38 g of 
20 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine, and recrystallization from isopropanol gave 2.25 g (70%) of the product 
as a white solid. 

Melting point: 1 77-1 79.5°C 

NMR (CDCI 3 ; 8, ppm): 1 .31 (t, J=7.4Hz, 3H), 2.56(s, 3H), 2.62(s, 3H), 2.75(q, J=7.4Hz, 2H), 5.1 0(s, 2H), 5.37(s, 
25 2H), 5.81 (s, 1H), 6.57(d, J=1.5Hz, 1H), 6.70 (dd, J=8. 4Hz, 1.5Hz, 1H), 6.88 (s, 1H), 7.23 (d, J=8.4Hz, 1H), 7.35- 
7.48 (m, 3H), 7.52-7.57 (m, 1H) 



30 


Elemental analysis (% 


):C 27 H 24 N 4 0 




Found : 


C 76.82, 


H 5.97, 


N 12.88 




Calcd.: 


C 77.12, 


H 5.75, 


N 13.32 



35 

Example 3 



[3-(5,7-Dimethyl : 2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl-6,11-dihydrodibenz[b,e]oxepin-11-yliden]aceti^ acid 
[Compound 3 (0.5 hydrate)] 

40 

[0224] A mixture of 88 mg of Compound 2, 2 ml of a 1 N aqueous solution of sodium hydroxide and 5 ml of ethyleneg- 
lycol was heated under reflux for 48 hours. After cooling, the mixture was diluted with water and washed with ether, and 
the aqueous layer was adjusted to pH 4 with 4N aqueous hydrochloric acid. The resulting precipitate was separated 
from the mixture by filtration and washed with water to give 44.7 mg (49%) of the product as a white solid. 
45 [0225] The product was a 2: 1 mixture of geometrical isomers with respect to the stereochemistry of the double bond. 

Melting point: 145-148°C 

NMR (DMSO-d 6 ; 8, ppm): 1.23(1, J=7.4Hz, 3H), 2.48(s, 3H), 2.51 (s, 3H), 2.73(q, J=7.4Hz, 2H), 5.15(bs, 2H), 
5.37(s, 2H), 5.97(s, 0.33H; Z form), 6.29(s, 0.67H; E form), 6.45(s, 1 H), 6.60-6.68(m, 1 H), 6.93(s, 1 H), 7.1 4-7.45(m, 
50 5H) 

IR(KBr; cm" 1 ): 2932, 2884, 1726, 1633, 1480, 1437, 1404, 1306, 1270, 1054, 765 



55 


Elemental analysis (%): 

C 28 H 26 N 2°3 * 0-5H 2 O 




Found : 


C 72.16, 


H 5.83, 


N9.32 
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(continued) 





Elemental analysis (%): 






C 28 H 26 N 2 03 • 0.5H 2 O 




5 


Calcd.: 


C 72.30, 


H 5.84, 


N9.37 



Ejpmpie 4 



[2-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridm^ 
w (Compound 4) 

(Step A) 

Ethyl (7-fluoro-2-methyl-5H-dibenzo[a,d]cyclohepten-5-yliden)acetate (Compound 4-a) 

15 

[0226] Ethyl diethylphosphonoacetate (1 .3 ml) was dissolved in 30 ml of THF, and 0.26 g of sodium hydride (60% oily) 
was added to the solution under ice cooling, followed by stirring under the same conditions for 30 minutes. To the mix- 
ture was added dropwise 20 ml of a solution of 0.3 g of 7-fluoro-2-methyl-5-oxo-5H-dibenzo[a,d]cycloheptene in THF, 
and. the mixture was heated under reflux for 2 hours. After cooling, water and ethyl acetate were added to the mixture, 
20 and the organic layer was washed with a saturated aqueous solution of sodium chloride and dried over anhydrous mag- 
nesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified by silica gel column 
chromatography [eluent: hexane/ethyl acetate (10/1)] to give 0.38 g (98%) of the product as a yellow oily substance. 

NMR (CDCI 3 ; 8, ppm): 1.10(t, J=7.0Hz, 3H), 2.35(s, 3H), 4.03(q, J=7.0Hz, 2H), 5.88 and 5.90(s for each, total 1H), 
25 6.8-7.5(m, 8H) 

(Step B) 

Ethyl (2-bromomethyl-7-fluoro-5H-dibenzo[a,d]cyclohepten-5-yliden)acetate (Compound 4-b) 

30 

[0227] Compound 4-a (0.24 g) was dissolved in 20 ml of carbon tetrachloride, and 0.14 g of NBS and catalytic amount 
of benzoyl peroxide were added to the solution, followed by heating under reflux for 4 hours. After cooling, insoluble 
matters were filtered off and the filtrate was diluted with dichloromethane. The dilution of the filtrate was washed with a 
saturated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was dis- 
35 tilled off under reduced pressure. The obtained product was unstable and subjected to the subsequent reaction without 
particular purification. 

NMR (CDCI 3 ; 8, ppm): 1 .10(t, J=7.0Hz, 3H), 4.02(q, J=7.0Hz, 2H), 4.48(s, 2H), 5.90 and 5.93(s for each, total 1H), 
6,7-8.1 (m,8H) 

40 

(Step C) 



Ethyl [2-(5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yi)methyl-7-fluoro-5H-dibenzo[a J d)cyclohepten-5-yliden]ace- 
tate (Compound 4-c) 

45 

[0228] The same procedure as in Step D of Example 1 was repeated using 0.34 g of Compound 4-b and 5,7-dimethyl- 
2-ethyl-3H-imidazo[4,5-b]pyridine to give 60 mg (14%) of the product. 

NMR (CDCI 3 ; 8, ppm): 1 .05 and 1 .09(t for each, J=7.0Hz, total 6H), 1 .32(t, J=7.4Hz, 3H), 2.57(s, 3H), 2.63(s, 3H), 
50 2.77(q, J=7.4Hz, 2H), 3.96 and 4.03 (q for each, J=7.0Hz, total 4H), 5.46(s, 2H), 5.85 and 5.90(s for each, total 1 H), 
6.7-7.4(m, 9H) 

(Step D) 

55 Compound 4 (0.8 hydrate) 

[0229] Compound 4-c (50 mg) was hydrolyzed according to the same procedure as in Step E of Example 1 to give 
19.8 mg (42%) of the product as a white solid. 
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Melting point: 144-145°C (decomposition) 
MS: 453 (M + ) 



Elemental analysis (%): 




C 28 H 24 FN 3 O2*0.8H 2 O 




Found : 


C 71.62, 


H5.34, 


N9.12 


Calcd.: 


C71.87, 


H5.51, 


N8.98 



Example 5 

15 [1-Bromo-8-(5J-dimethyl-2-ethyl-3^ 
tonitrile (Compound 5) 

(Step A) 

20 (1 -Bromo-8-methyl-5H-dibenzo[a,d]cyclohepten-5-yl)acetonitrile (Compound 5-a) 

[0230] The same procedure as in Step A of Example 2 was repeated using 0.86 g of 1 -bromo-8-methyl-5-oxo-5H- 
dibenzo[a,d]cycloheptene and 1.4 ml of diethyl (cyanomethyl)phosphonate to give 0.64 g (69%) of the product as an 
oily substance. 

25 

. MS: 321 (M + ), 323 (M + +2) 

NMR (CDCI 3 ; 8, ppm): 2.38(s, 3H), 5.41 (s, 1 H), 6.8-7.7(m, 8H) 

(StepB) 

30 

Compound 5 

[0231] The same procedures as in Steps B and C of Example 4 were repeated using 0.64 g of Compound 5-a to give 
0.51 g (52%) of the product as an oily substance. 

35 

MS: 494 (M + ), 496 (M + +2) 

NMR (CDCI 3 ; 5, ppm): t.33(t, J=7.4Hz, 3H), 2.58(s, 3H), 2.65(s, 3H), 2.80(q, J=7.4Hz, 2H), 5.44(s, 1H), 5.50(s, 
2H), 6.8-7.7(m, 9H) 

40 Example 6 

3-(5,7-Dimethyl>2-ethyl-3H-imidazd[4,5-b]pyridin-3-yl)methyl-1 1 -(1 H-tetrazol-5-yl)methylene-6,11-dihydrod- 
ibenz[b,e]oxepine (Compound 6) 

45 (Step A) 

3-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyri^^ 
dihydrodibenz[b,e]oxepine (Compound 6-a) 

so [0232] A mixture of 753 mg of Compound 2, 582 mg of sodium azide, 480 mg of ammonium chloride and 50 ml of 
DMF was stirred overnight at 110°C. Then, 1.76 g of sodium azide and 1.44 g of ammonium chloride were added 
thereto and the mixture was stirred under the same conditions for six days. After insoluble matters were filtered off, the 
filtrate was concentrated under reduced pressure, followed by addition of a 1N aqueous solution of sodium hydroxide 
and ethyl acetate. The aqueous layer was adjusted to pH 5 with 4N aqueous hydrochloric acid, and the resulting pre- 

55 cipitate (350 mg) was separated from the mixture by filtration. 

[0233] The obtained crude product (296 mg) was then dissolved in a mixture of 12 ml of DMF and 0.1 1 ml of triethyl- 
amine, and 21 6 mg of trityl chloride was added to the solution, followed by stirring at room temperature for three hours. 
The solvent was distilled off under reduced pressure and the residue was diluted with ethyl acetate. The organic layer 
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was washed with a saturated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate. After 
the solvent was distilled off under reduced pressure, the resulting residue was purified by repeating preparative thin 
layer chromatography [eluent: hexane/ethyl acetate/triethylamine (10/10/1)] to give 236 mg (52%) of the E form (6-a-E) 
and 51.7 mg (12%) of the Zform (6-a-Z) as oily substances. 

5 

6-a-E: * 
[0234J 

10 NMR (CDCI 3 ; 8, ppm): 1 .32(t, J=7.6Hz, 3H), 2.56(s, 3H), 2.63(s, 3H), 2.77(q, J=7.6Hz, 2H), 4.7-5.7(br, 2H), 5.37(s, 
2H), 6.51 (s, 1 H), 6.69(d, J=6.6Hz, 1 H), 6.88-7.42(m, 22H) 

6-a-Z: 

15 [0235] 

NMR (CDCI 3 ; 8, ppm): 1.24(t, J=7.4Hz, 3H), 2.56(s, 3H), 2.64(s, 3H), 2.67(q, J=7.4Hz, 2H), 5.20(bs, 2H), 5.30(s, 
2H), 6.30(dd, J=7.9Hz, 1.5Hz, 1H), 6.49(d, J=1.5Hz, 1H), 6.73(s, 1H), 6.88(s, 1H), 6.90-7.08(m, 7H), 7.23-7.43(m, 
13H) 

20 

(StepB) 
Compound 6-E 

25 [0236] A mixture of 337 mg of Compound 6-a-E, 4 ml of 4N aqueous hydrochloric acid, 25 ml of dioxane and 25 ml 
of water was stirred at 50-60°C for 10 minutes. The solvent was distilled off under reduced pressure and the residue 
was diluted with a 1N aqueous solution of sodium hydroxide. The aqueous layer was washed with ethyl acetate and 
then adjusted to pH 5.2 with 4N aqueous hydrochloric acid. The resulting precipitate was separated from the mixture 
by filtration, washed with water and dried to give 140 mg (63%) of the product as a white solid. 

30 

Melting point: 224°C (decomposition) 

NMR (DMSO-d 6 ; 8, ppm): 1.24(t, J=7.4Hz, 3H), 2.48(s, 3H), 2.51 (s, 3H), 2.75(q, J=7.4Hz, 2H), 5.20(bs, 2H), 
5.39(s, 2H), 6.50(s, 1H), 6.73(d, J=7.2Hz, 1H), 6.95(s, 1H), 7.00(s, 1H), 7.01 (d, J=7.2Hz, 1H), 7.22-7.27(m, 1H), 
7.34-7.39(m, 1 H), 7.47-7.50(m, 2H) 
35 IR(KBr;cm* 1 ):2936, 1631, 1462, 1440, 1408, 1318, 1051, 772 



Elemental analysis (%): C27H25N7O 


Found : 
Calcd.: 


C 69.63, 
C 69.96, 


H 5.22, 
H 5.44, 


N 20.92 
N21.15 



45 (StepC) 

Compound 6-Z (monohydrate) 

[0237] The same procedure as in the above Step B was repeated using 46 mg of Compound 6-a-Z to give 18 mg 
50 (59%) of the product as a white solid. 

Melting point: 222°C (decomposition) 

NMR (DMSO-d 6 ; 8, ppm): 1 .24(1, J=7.2Hz, 3H), 2.48(s, 3H), 2.51 (s, 3H), 2.75(q, J=7.2Hz, 2H), 5.20(bs, 2H), 
5.39(s, 2H), 6.49(s, 1H), 6.73(d, J=7.3Hz, 1H), 6.94(s, 1H), 6.99(s, 1H), 7.02(d, J=1 1.9Hz, 1H), 7.24-7.49(m, 4H) 
IR(KBr; cm* 1 ): 2944, 1460, 1438, 1404, 1321, 1050, 771 

55 - 
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Elemental analysis (%): C 27 H 26 N 7 0 • H 2 0 


Found : 
Calcd.: 


C 67.12, 
C 67.11, 


H 5.38, 
H5.71, 


N 19.98 
N 19.99 



Example 7 

[9-Bromo-3-(5,7-dimethyl-2-ethyl-3H-imidazo[4,^^^ 
acid [Compound 7 (0.5 hydrate)] 

[0238] The same procedure as in Example 1 was repeated using 0.81 g of 9-bromo-11-oxo-6,11-dihydrod- 
ibenz[b,e]oxepin-3-carboxylic acid and 5,7-dimethyl-2-ethyl-3HHmidazo[4,5-b]pyridine, and recrystallization from iso- 
propanol gave 0.1 g (10%) of the product as a white solid. 

[0239] The product was a 23:77 mixture of geometrical isomers with respect to the stereochemistry of the double 
bond. 

Melting point: 241 -242°C 
Example 8 

[2-(4-Chloro-2-butyl-5-hydroxymeto^^ acid 
(Compound 8A) and 

[2-(5-ch!oro-2-butyl-4-hydroxymethyl-1 H-imidazol-1-yl)methyl-6,1 1-dihydrodibenz[b,e]oxepin-1 1-yliden]acetic acid 
(Compound 8B) 

[0240] The same procedure as in Example 1 was repeated using 1 1-oxo-6,1 1-dihydrodibenz[b,e]oxepine-2-carboxylic 
acid and 4-chloro-2-butyl-5-hydroxymethylimidazole to give Compound 8A and Compound 8B. 

Compound 8A: 

Melting point: 170°C (decomposition) (acetonitrile) 
Compound 8B: 

Melting point: 106°C (decomposition) (diisopropyl ether) 
Example 9 

[0241] [2-(2-Butyl-1H-imidazol-1-yl)ethyl-6,11-dihydrodibenz[b,e]oxepin-11-yliden]acetic acid (Compound 9) 
[0242] The same procedure as in Example 1 was repeated using 11-oxo-6,11-dihydrodibenz[b,e]oxepin-2-acetic acid 
and 2-butylimidazole to give the product. 

Melting point: 156-157°C (isopropanol) 

Example 10 

[3-(2-Butyl-1H-imidazol-1-yl)ethyl-6,1 1-dihydrodibenz[b,e]oxepin-1 1-yliden]acetic acid (Compound 10) 

[0243] The same procedure as in Example 1 was repeated using 1 1 -oxo-6,1 1-dihydrodibenz[b,e]oxepin-3-acetic acid 
and 2-butylimidazole to give the product. 

Melting point: 237-238°C (isopropanol) 
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Example 11 

[7-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridm^ 
acid (Compound 11) 

[0244] The same procedure as in Example 1 was repeated using 1 .2 g of 10-oxo-4,10-dihydrothieno[3,2-c][1]benzox- 
epine-7-carboxylic acid and 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine, and recrystallization from acetonitrile gave 
0.1 g (5%) of the product as a white solid. 

[0245] The product was a 9:1 mixture of geometrical isomers with respect to the stereochemistry of the double bond. 

Melting point: 163-1 66°C 
Example 12 

[7-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyri^^ 
acid (Compound 12) 

(Step A) 

Compound 12 

[0246] The same procedure as in Example 4 was repeated using 7-methyl-4-oxo-4H-benzo[4,5]cyclohepta[1 ,2-bJthi- 
ophene and 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine to give the product as an oily substance. 

MS: 441 (M + ) 

NMR (CDCI 3 ; 5, ppm): 1.38(t, J=7.4Hz, 3H), 2.58(s, 3H), 2.63(s, 3H), 2.75(q, J=7.4Hz, 2H), 5.48(s, 2H) ( 5.82 and 
5.97 (s for each, total 1 H), 6.7-7.5(m, 8H) 

(Step B) 

Sodium salt of Compound 12 

[0247] Compound 12 (0.18 g) was dissolved in 20 ml of methanol, and 0.077 ml of 28% sodium methoxide solution 
in methanol was added to the solution, followed by stirring at room temperature for 2 hours. The solvent was distilled off 
under reduced pressure and the residue was solidified with diisopropyl ether to give 0.1 8 g (95%) of the product. 
[0248] The product was a 1 :1 mixture of geometrical isomers with respect to the stereochemistry of the double bond. 

Melting point: (not measurable because of hygroscopicity) 



Elemental analysis (%) : 




C 


; 26 H22N 3 02SNa-2H20 


Found : 


C 62.62, 


H 5.34, 


N8.12 


Calcd.: 


C 62.51, 


H 5.25, 


N8.41 



Example 13 

3-(4-Methyl-2-propylbenzimidazol-1 -yl)methyl-1 1-(N-triphenylmethyl-1 H-tetrazol-5-yl)methylene-6,1 1-dihydrod- 
ibenz[b,e]oxepine (Compound 13) 

[0249] The same procedures as in Example 2 and Step A of Example 6 were repeated using methyl 11-oxo-6,11- 
dihydrodibenz[b,e]oxepine-3-carboxylate and 4-methyl-2-propyIbenzimidazole to give the product as an amorphous 
solid. 

NMR (CDCI 3 , 8, ppm): 1.00(t, J=7.4Hz, 3H), 1.7-1.9(m f 2H), 2.68(s, 3H), 2.83(t, J=7.9Hz, 2H), 4.6-5.0(br, 1H), 
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5.23(s, 2H), 5.3-5.7(br, 1 H), 6.48(s, 1 H), 6.59(d, J=8.4Hz, 1 H), 6.9-7.2(m, 1 2H), 7.2-7.4(m, 1 1 H), 7.41 (d, J=7.9Hz, 
1H) 

Example 14 

8-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridm^ 
dihydrodibenz[b,e]oxepine (Compound 14) 

[0250] The same procedures as in Example 2 and Step A of Example 6 were repeated using methyl 11-oxo-6,11- 
dihydrodibenz[b,e]oxepine-8-carboxylate and 5J-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine to give the product, fol- 
lowed by separation and purification of both geometrical isomers by preparative thin layer chromatography [eluent: hex- 
ane/ethyl acetate/triethylamine (10/12.5/1)]. 

14-E 

NMR (CDCI 3 ; 8, ppm): 1.24(t, J=7.4Hz, 3H), 2.56(s, 3H), 2.65(s, 3H), 2.66(q, J=7.4Hz, 2H), 4.6-5.8(br, 2H), 
5.39(s, 2H), 6.7-6.8(m, 2H), 6.9-7.0(m, 10H), 7.0-7.1(m, 2H), 7.1-7.4(m, 9H), 7.45(dd, J=7.9Hz, 1.5Hz, 1H) 

14-2 

NMR (CDCI 3 ; 5, ppm): 1.32(t, J=7.6Hz, 3H), 2.58(S, 3H), 2.65(s, 3H), 2.79(q, J=7.6Hz, 2H), 5.14(bs, 2H), 
5.46(s, 2H), 6.5-6.6(m, 1H), 6.83(dd, J=8.3Hz, 1.0Hz, 1H), 6.91 (s, 1H), 6.9-7.0(m, 9H), 7.0-7.2(m, 2H), 7.2- 
7.4(m, 9H), 7.38(d, J=7.9Hz, 1H) 

Example 15 

[2-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b^^ 
tonitrile (Compound 15) 

[0251] The same procedure as in Example 2 was repeated using methyl 5-oxo-10,11-dihydrodibenzo[a,d]cyclohep- 
tene-2-carboxylate and 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine to give the product. 

[0252] The product was a 1 :1 mixture of geometrical isomers with respect to the stereochemistry of the double bond. 

NMR (CDCl 3 ; 6, ppm): 1.29(t, J=7.6Hz, 1.5H), 1.32(t, J=7.6Hz, 1.5H), 2.56(s, 1.5H), 2.58(s, 1.5H), 2.63(s, 1.5H), 
2.64(s, 1.5H), 2.7-2.8(m,2H), 3.0-3.1 (br, 4H), 5.41 (s, 1H), 5.45(s, 1H), 5.66(s, 0.5H), 5.68(s, 0.5H), 6.8-6.9(m, 2H), 
7.04(dd, J=7.9Hz, 2.0Hz, 0.5H), 7.12(d, J=7.4Hz, 0.5H), 7.1-7.3(m, 4H), 7.4-7.5(m, 1H) 

Example 16 

[2-(5,7-Dimethyl-2-ethyl-3H-imidazo[4>^ 
tic acid (Compound 16) 

[0253] Compound 15 was hydrolyzed according to the same procedure as in Example 3, and recrystallization from 
acetonitrile gave 0.09 g (6%) of the product as a white solid. 

[0254] The product was a 31:69 mixture of geometrical isomers with respect to the stereochemistry of the double 
bond. 

Melting point: 207-208°C 
Example 17 

[0255] 3-(4-Methyl-2-propylbenzimidazol-1 -yl)methyl-1 1 -(1 H-tetrazol-5-yl)methylene-6,1 1 -dihydrodibenz[b,e]oxepine 
[Compound 17 (monohydrate)] 

[0256] The same procedure as in Step B of Example 6 was repeated using 1 .8 g of Compound 1 3 to give 0.28 g (14%) 
of the product (E form) as a white solid. 

Melting point: 150-153°C 

NMR (DMSO-d 6 ; 5, ppm): 0.95(t, J=7.4Hz, 3H), 1.68-1.79(m, 2H), 2.50(s, 3H), 2.79(t, J=7.6Hz, 2H), 5.20(bs, 2H), 
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5.42(s, 2H), 6.45(s, 1 H), 6.67(d ? J=8.4Hz, 1 H), 6.95-7.06(m, 4H), 7.17-7.26(m, 2H), 7.33-7.38(m, 1 H), 7.46-7.49(m t 
2H) 

IR(KBr; cm- 1 ) : 2934, 1630, 1510, 1471, 1434, 1317, 1172, 1046, 758 



5 





Elemental analysis (%): C 28 H 26 N 6 0 • H 2 0 




Found : 


C 70.10, 


H 5.77, 


N 17.59 


10 


Calcd.: 


C 69.98, 


H 5.87, 


N 17.49 



Example 18 

15 8-(5,7-Dimethyl-2-ethyl-3H-imidazoK^ 
ibenz[b,e]oxepine (Compound 18) 

[0257] The same procedure as in Step B of Example 6 was repeated using Compound 14 to give the E form (18-E) 
and the Z form (18-Z). 

20 

18-E (0.8 hydrate): 

Melting point: 162°C (decomposition) 

25 



Elemental analysis (%): 




C 27 H 25 N 7 (>0.8H 2 O 




Found : 


C 67.71, 


H 5.69, 


N 20.56 


Calcd.: 


C 67.85, 


H5.61, 


N 20.51 



35 18-Z: 

Melting point: 155°C (decomposition) . 
Example 19 

40 

1-Bromo-8-(5,7-dimethyl-2-ethyl-3H-imtf^ 

dibenzo[a,d]cycloheptene [Compound 19 (0.5 diisopropyl ether adduct *0.5 hydrate)] 

[0258] The same procedure as in Example 6 was repeated using 510 mg of Compound 5, and recrystallization from 
45 diisopropyl ether gave 14.2 mg (2.6%) of the product as a white solid. 

[0259] The product was a single geometrical isomer with respect to the stereochemistry of the double bond. 

Melting point: 159-1 61 °C 

NMR (DMSO-d 6 ; 6, ppm): 1.29(t, J=7.4Hz, 3H), 2.56(s, 3H), 2.61 (s, 3H), 2.79(q, J=7.4Hz, 2H), 5.43(s, 1H), 6.70- 
50 7.65(m, 9H) 





Elemental analysis (%): 


55 


C 28 H 24 BnN 7 • 0.5C 6 H 14 O • 0.5H 2 O 




Found : 


C61.80, 


H 4.94, 


N 15.99 
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(continued) 





Elemental analysis (%): 




C 28 H 24 BrN 7 • 0.5C 6 H 14 O • 0.5H 2 O 


5 


Calcd.: . 


C 62.21, 


H 5.39, 


N 16.38 



Example 20 



2-(5,7-Dimethyl-2-ethyl-3H-imtf^^ 
w ibenzo[a,d]cycloheptene (Compound 20) 

[0260] The same procedure as in Example 6 was repeated using 0.61 g of Compound 15 to give two compounds 
(hereinafter referred to as Compound 20A and Compound 20B) which were geometrical isomers with respect to the 
stereochemistry of the double bond. 

Compound 20A (0.2 diethyl ether adduct • 1 .2 hydrate): 

Yield: 0.016 g (2.4%) 
Melting point: 167-169°C (decomposition) 
20 NMR (DMSO-d 6 ; 8, ppm): 1 .22(t, J=7.4Hz, 3H), 2.50(s, 3H), 2.74(q, J=7.4Hz, 3H), 3.12-3.84(m, 4H), 5.42(s, 

2H), 6.72-7.29(m, 8H), 7.41 (d, J=7.4Hz, 1 H) 



25 





Elemental analysis (%): 
C 28 H 2 7N 7 • 0.2C 4 H 10 O • 1 .2H 2 0 




Found : 


C 69.35, 


H 5.99, 


N 19.58 


30 


Calcd.: 


C 69.46, 


H 6.35, 


N 19.69 



Compound 20B (0.2 diethyl ether adduct • 0.5 hydrate): 

35 Yield: 0.05 g (7.5%) 

Melting point: 218-220°C (decomposition) 

NMR (DMSO-d 6 ; 8, ppm): 1.24(t, J=7.4Hz, 3H), 2.49(s, 3H), 2.51 (s, 3H), 2.77(q, J=7.4Hz, 2H), 3.12-3.84(m, 
4H), 5.42(s, 2H), 6.79-7.37(m, 8H), 7.37(d, J=7.9Hz, 1H) 

40 



Elemental analysis (%) 




C 28 H 27 N 7 • 0.2C 4 H 10 O • 0.5H 2 O 


Found : 


C71.19, 


H 5.99, 


N 20.07 


Calcd.: 


C71.26, 


H 6.23, 


N 20.20 



50 
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Example 21 

3-(5 J-Dimelhyl-2-ethyl-3H-imidazo[4 ( 5-b]pyridin-3-yl)methyl-1 1 -(N-triphenylmethyM H-tetrazol-5-yl)methylene-6,1 1 - 
dihydrodiben2o[b t e]thiepine (Compound 21) 

5 . 

(Step A) 

(3-Methoxycait)onyl-6,11-dihydrodibenzo[b,e]thiepin-11-yliden)acetonitrile (Compound 21 -a) 

w [0261] The same procedure as in Step A of Example 2 was repeated using methyl 11-oxo-6,11-dihydrod- 
ibenzo[b,e]thiepine-3-carboxylate to give the product (97%) as a pale yellow solid. 

[0262] The product was a 1 :1 mixture of geometrical isomers with respect to the stereochemistry of the double bond. 

NMR (CDCI 3 ; 5, ppm): 3.89(s, 1.5H), 3.90(s, 1.5H), 4.0-4.2(br, 2H), 5.62(s, 0.5H), 5.89(s, 0.5H), 7.2-7.5(m, 4.5H), 
15 7.62(dd, J=8.0Hz, 1 .1 Hz, 0.5H), 7.7-7.9(m, 2H) 

(StepB) 

Methyl 1 1 -(N-triphenylmethyl-1 H-tetrazol-5-yl)methylene-6, 1 1 -dihydrodibenzo[b,e]thiepine-3-carboxylate (Compound 
20 21 -b) 

[0263] The same procedure as in Step A of Example 6 was repeated using Compound 21 -a to give the product (47%) 
as an oily substance. 

[0264] The product was a 1 :1 mixture of geometrical isomers with respect to the stereochemistry of the double bond. 

25 

NMR (CDCI 3 ; 8, ppm): 3.40(d, J=14.0Hz, 0.5H; E form) 3.6-3.7(br, 0.5H; Z form), 3.88(s, 3H), 4.7-4.8(br, 0.5H; Z 
form), 4.85(d, J=1 4.0Hz, 0.5H; E form), 6.8-7.0(m, 7H), 7.0-7.1 (m, 1H), 7.1-7.6(m, 14H), 7.7-7.8(m, 1H) 

(Step C) 

30 

3-Hydroxymethyl-1 1 -(N-triphenylmethyl-1 H-tetrazol-5-yl)methylene-6,1 1-dihydrodibenzo[b,e]thiepine (Compound 21- 
c) 

[0265] Compound 21 -b (3.8 g, 6.4 mmol) was dissolved in a mixture of 80 ml of ether and 40 ml of THF, and 250 mg 
35 (6.6 mmol) of lithium aluminium hydride was added to the solution under ice cooling, followed by stirring at room tem- 
perature for one hour and a half. To the mixture was added 1 ml of a saturated aqueous solution of sodium sulfate and 
insoluble matters were filtered off. The filtrate was diluted with ethyl acetate, and the organic layer was washed with a 
saturated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate. The solvent was distilled 
off under reduced pressure, and the residue was purified by silica gel column chromatography [eluent: hexane/ethyl 
40 acetate (5/1)] to give the E form (21-c-E; 40%) and the Z form (21-c-Z; 41%) as colorless oily substances. 

21-c-E: 

NMR (CDCI 3 ; 5, ppm): 3.38(d, J=ia9Hz, 1H) 4.58(bs, 2H), 4.84(d, J=13.9Hz, 1H), 6.8-7.1(m, 7H), 7.08(dd, 
45 J=7.9Hz, 1 .6Hz, 1 H), 7.1 -7.4(m, 14H), 7.46(d, J=7.9Hz, 1 H) 

21-c-Z: 

NMR (CDCI 3 ; 5, ppm): 3.5-3.7(br, 1H), 4.47(bs, 2H), 4.7-4.9(br, 1H), 6.63(dd, J=7.9Hz, 1.6Hz, 1H), 6.80(s, 1H), 
50 6.9-7.0(m, 5H), 7.02(d, J=7.9Hz, 1H), 7.15(d, J=1.6Hz, 1H), 7.2-7.4(m, 14H) 

(StepD) 

3-Bromomethyl-11 -(N-triphenylmethyl-1 H-tetrazol-5-yl)methylene-6,11-dihydrodibenzo[b,e]thiepine (E form; Com- 
55 pound 21 -d-E) 

[0266] Compound 21-c-E (1.46 g, 2.6 mmol) was dissolved in 50 ml of dichloromethane, and 0.61 ml of 2,6-lutidine, 
1 .37 g of triphenylphosphine, and 1 .74 g of carbon tetrabromide were added to the solution under ice cooling, followed 
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by stirring for one hour. To the mixture was added a phosphate buffer, and the organic layer was dried over anhydrous 
magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified by silica gel col- 
umn chromatography [eluent: hexane/ethyl acetate (4/1)] to give 1.51 g (93%) of the product as a white solid. The 
obtained product was subjected to the subsequent reaction without further purification. 

(StepE) 

S-Bromomethyl-H^N-triphenylmethyl-IH-tetrazol-S-yOmethylene-e.H-dihydrodibenzot^elthiepine (Z form; Com- 
pound 21 -d-Z) 

[0267] The same procedure as in the above Step D was repeated using 1 .48 g of Compound 21-c-Z to give 1.3 g 
(79%) of the product as a pale yellow solid. The obtained product was subjected to the subsequent reaction without fur- 
ther purification. 

(Step F) 

Compound 21 -E 

[0268] The same procedure as in Step D of Example 1 was repeated using 1.51 g of Compound 21-d-E to give 1.43 
g (82%) of the product as an oily substance. 

NMR (CDCI 3 ; 8, ppm): 1.32(t, J=7.4Hz, 3H), 2.56(s, 3H), 2.62(s, 3H), 2.74(q, J=7.4Hz, 2H), 3.35(d, J=13.9Hz, 1H), 
4.80(d, J=1 3.9Hz, 1 H), 5.33(s, 2H), 6.7-7.0(m, 1 1 H), 7.1 -7.4(m, 1 4H) 

(Step G) 

Compound 21-Z 

[0269] The same procedure as in Step D of Example 1 was repeated using 1.3 g of Compound 21 -d-Z to give 1.13 g 
(76%) of the product as an oily substance. 

NMR (CDCI 3 ; 5, ppm): 1.23(t, J=7.6Hz, 3H), 2.54(s, 3H), 2.62(q, J=7.6Hz, 2H), 2.62(s, 3H), 3.4-3.6(br, 1H), 4.7- 
4.9(br, 1H), 5.24(s, 2H), 6.43(dd, J=7.9Hz, 1.2Hz, 1H), 6.76(s, 1H), 6.85(d, J=1.2Hz, 1H), 6.87(s, 1H), 6.9-7.0(m, 
6H), 7.1-7.4(m, 14H) 

Example 22 

3-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl-1 1 -(1 H-tetrazol-5-yl)methylene-6,11-dihydrod- 
ibenzo[b,e]thiepine (Compound 22) 

(Step A) 

Compound 22-E (0.6 hydrate) 

[0270] The same procedure as in Step B of Example 6 was repeated using 1 .43 g of Compound 21 -E to give 0.77 g 
(81%) of the product as a white solid. 

Melting point: 155°C (decomposition) 

NMR (CDCI 3 ; 6, ppm): 1.28(t, J=7.6Hz, 3H), 2.56(s, 6H), 2.74(q, J=7.6Hz, 2H), 3.40(d, J=1 4.0Hz, 1H), 4.73(d, 
J=1 4.0Hz, 1 H), 5.34(s, 2H), 6.8-6.9(m, 2H), 6.89(s, 1 H), 6.99(s, 1 H), 7.1 0(d, J=7.6Hz, 1 H), 7.2-7.4(m, 4H) 



Elemental analysis (%): C 27 H 2 5N 7 •0.6H 2 O 


Found : 
Calcd.: 


C 66.18, 
C 66.13, 


H 5.44, 
H 5.38, 


N 19.66 
N 19.99 
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(StepB) 

Compound 22-Z (0.6 hydrate) 

5 [0271] The same procedure as in Step B of Example 6 was repeated using 1.13 g of Compound 21-Z to give 0.64 g 
(84%) of the product as a white solid. 

Melting point: 160°C (decomposition) 

NMR (CDCI 3 ; 8, ppm): 1.20(t, J=7.6Hz, 3H). 2.52(s, 6H), 2.56(q, J=7.6Hz, 2H), 3.37(bd, J=1 3.7Hz, 1H). 4.61 (bd, 
10 J=13.7Hz, 1H), 5.19(d, J=16.0Hz, 1H), 5.38(d, J=16.0Hz, 1H), 6.77(d, J=7.9Hz, 1H), 6.79(s, 1H), 6.86(s, 1H), 
6.89(s, 1H), 7.02(d, J=7.9Hz, 1H), 7.1-7.2(m, 1H), 7.3-7.4(m, 3H) 



Elemental analysis (%): C 2 7H 25 N 7 -0.6H 2 O 


Found : 
Calcd.: 


C 66.27, 
C 66.13, 


H.5.41, 
H 5.38, 


N 19.85 
N 19.99 



20 

Example 23 

[3-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl-6,1 1-dihydrodibenz[b,e]oxepin-1 1-yl]acetlc acid (Com- 
pound 23) 

25 

(Step A) 

Diethyl 2-(3-hydroxymethyl-6,1 1 -dihydrodibenz[b,e]oxepin-1 1 -yl)malonate (Compound 23-a) 

30 [0272] Titanium tetrachloride (0.2 ml) was added to a mixture of 420 mg of 3-acetoxy methyl- 1 1-methoxy-6,1 1-dihy- 
drodibenz[b,e]oxepine, 0.32 ml of diethyl malonate, 0.37 ml of diisopropylethyiamine and 50 ml of benzene under ice 
cooling, and the mixture was stirred at room temperature for 6 hours. Methanol (5 ml) was added thereto, and the mix- 
ture was diluted with ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium chloride 
and dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. 

35 [0273] To the resulting product were added 20 ml of methanol and 0.5 ml of 5% potassium hydroxide solution in meth- 
anol, followed by stirring at room temperature for one hour. The solvent was distilled off under reduced pressure and 
the residue was diluted with ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium 
chloride and dried over anhydrous magnesium sulfate; The solvent was distilled off under reduced pressure, and the 
residue was purified by silica gel column chromatography [eluent: chloroform/methanol (20/1)] to give 368 mg (68%) of 

40 the product as a colorless oily substance. 

NMR (CDCI 3 ; 5, ppm): 0.90(t, J=7.3Hz, 6H), 2.80(bs, 1H), 3.90(q, J=7.3Hz, 4H), 4.52(s, 2H), 4.45-4.68(m, 2H), 
4.95 and 5.53 (AB, J=16.6Hz, 2H), 6.75-7.26(m, 7H) 

45 (Step B) 

Diethyl 2-[3-(5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl-6, 1 1 -dihydrodibenz[b,e]oxepin-1 1 -yl]malonate 
(Compound 23-b) 

50 [0274] The same procedures as in Steps C and D of Example 1 were repeated using 367 mg of Compound 23-a and 
250 mg of 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine to give 150 mg (31%) of the product as an oily substance. 

NMR (CDCI 3 ; 8, ppm): 1.00(t, J=7.5Hz, 3H), 1.22(t, J=7.3Hz, 3H), 1.25(t, J=7.3Hz, 3H), 2.55(s, 3H), 2.59(s, 3H), 
2.70(q, J=7.5Hz, 2H), 3.90(q, J=7.3Hz, 4H), 4.45-4.64(m, 2H), 5.32(s, 2H), 4.89 and 5.50(AB, J=16.7Hz, 2H), 6.65- 
55 7.32(m, 8H) 
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(StepC) 

2-[3-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyri^^ acid 
(Compound 23-c) 

5 ... 

[0275] The same procedure as in Step E of Example 1 was repeated using 1 50 mg of Compound 23-b to give 70 mg 
of a mixture of the desired compound and the decarboxylated compound (23) described below. 
[0276] The mixture was subjected to the reaction of the next Step D without purification. 

10 (StepD) 

Compound 23 

[0277] The mixture (70 mg) obtained in Step C was mixed with 0.02 ml of piperidine and 5 ml of pyridine, and the 
15 resulting mixture was heated under reflux for 2.5 hours. The solvent was distilled off under reduced pressure and the 
residue was diluted with water, followed by addition of 4N aqueous hydrochloric acid to adjust the pH to 5.4. The result- 
ing precipitate was separated from the mixture by filtration and recrystallized from acetonitrile to give 41 mg (65%) of 
the product as a white solid. 

20 Melting point: 1 99-201 °C (decomposition) 

NMR (DMSO-d 6 ; 8, ppm): 1.22(t, J=7.4Hz, 3H), 2.49(s, 3H), 2.51 (s, 3H), 2.74(q, J=7.4Hz, 2H), 2.88-3.04(m, 2H), 
4.41 (t, J=7.4Hz, 1 H), 4.98 and 5.43(AB, J=14.3Hz, 2H), 5.37(s, 2H), 6.63(s, 1 H), 6.69(d, J=7.9Hz, 1 H), 6.92(s, 1 H), 
7.12-7.25(m,5H) 



25 





Elemental analysis (%): C27H27N3O3 




Found : 


C 73.37, 


H6.18, 


N9.70 


30 


Calcd.: 


C 73.45, 


H6.16, 


N9.52 



Example 24 

35 3-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl-1 1 -(N-triphenylmethyl-1 H-tetrazol-5-yl)methyl-6,1 1 -dihy- 
drodibenz[b,e]bxepine (Compound 24) 

(Step A) 

40 Ethyl (3-methoxycarbonyl-6,1 1 -dihydrodibenz[b,e]oxepin-1 1 -yl)cyanoacetate (Compound 24-a) 

[0278] Titanium tetrachloride (2.3 ml) was added to a mixture of 4.95 g of methyl 11-methoxy-6,11-dihydrod- 
ibenz[b,e]oxepine-3-carboxylate, 2.8 ml of ethyl cyanoacetate, 4.6 ml of diisopropylethylamine and 400 ml of benzene 
under ice cooling, and the mixture was stirred at room temperature for 2 days. Methanol (5 ml) was added thereto, and 
45 the mixture was diluted with ethyl acetate. The solution was washed with a saturated aqueous solution of sodium chlo- 
ride and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the resi- 
due was purified by silica gel column chromatography [eluent: hexane/ethyl acetate (3/1)] to give 0.72 g (11%) of the 
product. 

50 NMR (CDCI 3 ; 5, ppm): 1.02 and 1.06(t for each, J=7.3Hz, total 3H), 3.90 (s, 3H), 3.8-4.5 (m, 4H), 5.05 and 5.56 
(ABsyst, J=1 5.7Hz, 2H), 6.8-7.9 (m, 7H) 

(Step B) 

55 Methyl 1 1 -cyanomethyl-6,1 1 -dihydrodibenz[b,e]oxepine-3-carboxylate (Compound 24-b) 

[0279] Compound 24-a was hydrolyzed and subjected to decarboxylation according to the same procedures as in 
Steps C and D of Example 23 to give the product (85%) as an oily substance. 
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NMR (CDCI 3 ; 8, ppm): 3.18(d, J=7.9Hz, 2H), 3.90(s, 3H), 4.16(t, J=7.9Hz, 1H), 5.02 and 5.46(ABsyst, J=15.5Hz, 
2H), 6.9-7.4(m, 5H), 7.65-7.85(m, 2H) 

(Step C) 

5 

Methyl 1 1-(N-triphenylmethyl-1H-tetrazol-5-yl)methyl-6,1 1-dihydrodibenz[b,e]oxepine-3-carboxylate (Compound 24-c) 

[0280] The same procedure as in Step A of Example 6 was repeated using Compound 24-b to give the product (60%) 
as an oily substance. 

10 

NMR (CDCI 3 ; 5, ppm): 3.86(s, 3H), 4.47(t, J=7.9Hz, 1H), 5.02 and 5.52(ABsyst, J=1 5.4Hz, 2H), 6.9-7.7 (m, 22H) 
(Step D) 
15 Compound 24 

[0281] The same procedures as in Steps C and D of Example 21 and Step D of Example 1 were repeated using Com- 
pound 24-c to give the product (85%) as an oily substance. 

20 NMR (CDCI3; 8, ppm): 1.25(t, J=7.3Hz, 3H), 2.57 and 2.62(s for each, total 6H), 2.65(q, J=7.3Hz, 2H), 3.70(d, 
J=8.1Hz, 2H), 4.42(t, J=8.1Hz, 1H), 4.90 and 5.50(ABsyst, J=15.2Hz, 2H), 5.35(s, 2H), 6.7-7.4(m, 23H) 

Example 25 

25 3-(5,7-Dimethyl-2-ethyl-3H-imidazo[4 t 5-b]pyridin-3-yl)methyl-1 1 -(1 H-tetrazol-5-yl)methyl-6,1 1-dihydrod- 
ibenz[b,e]oxepine (Compound 25) 

(Step A) 

30 Compound 25 (0.2 ethyl acetate adduct • 0.4 hydrate) 

[0282] The same procedure as in Step B of Example 6 was repeated using 0.9 g of Compound 24 to give 0.45 g (77%) 
of the product as a solid. 

35 Melting point: 136-1 37°C 

NMR (CDCI 3 ; 8, ppm): 1.16(t, J=7.4Hz, 3H), 2.37 and 2.53(s for each, total 6H), 2.67(q, J=7.4Hz, 2H), 3.64(d, 
J=7.9Hz, 2H), 4.38(t, J=7.9Hz, 1H), 4.69 and 5.01 (ABsyst, J=15.3Hz, 2H), 5.23(s, 2H), 6.57(s, 1H), 6.73-7.27(m, 
7H) 



Elemental analysis (%): 


C27H 


27 N 7 0 • 0.2C 4 H 8 O 2 • 0.4H 2 O 


Found : 


C 68.18, 


H 6.06, 


N 20.10 


Calcd. : 


C 68.09, 


H 6.04, 


N 19.99 



(Step B) 

50 

Potassium salt of Compound 25 (1.75 hydrate) 

[0283] A mixture of 34.3 mg of Compound 25, 7.8 mg of potassium tert-butoxide and 1 0 ml of isopropanol was stirred 
at room temperature for one hour. The solvent was distilled off under reduced pressure and the residue was solidified 
55 with ether to give 26.1 mg (70%) of the product as a white solid. 

Melting point: (not measurable because of hygroscopicity) 
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5 


Elemental analysis (%): 
C 27 H 26 N 7 OK-1.75H 2 0 




Found : 


C 60.72, 


H 5.64, 


N 18.32 




Calcd. : 


C 60.60, 


H 5.56, 


N 18.32 



10 

Example 26 



2-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyr^ 
dihydrodibenzo[a,d]cycloheptene (Compound 26) 

15 

(Step A) 

Ethyl (2-methoxycarbonyl-5H-10,1 l-dihydrodibenzota.dJcyclohepten-S-yOcyanoacetate (Compound 26-a) 

20 [0284] Methyl 5-hydroxy-5H-10,1 1-dihydrodibenzo[a,d]cycloheptene-2-carboxylate (6.1 1 g) was dissolved in 100 ml 
of dichloromethane, and 5 ml of thionyl chloride was added to the solution under ice cooling, followed by stirring at room 
temperature for 2 hours. The solvent was distilled off under reduced pressure, and the residue was dissolved in 50 ml 
of DMF (Solution A). A mixture of 3.6 ml of ethyl cyanoacetate, 1.1 g of sodium hydride (60% oily) and 200 ml of DMF 
was stirred for one hour, and to the resulting solution was added dropwise Solution A under ice cooling. After the mix- 

25 ture was stirred overnight at room temperature, the solvent was distilled off under reduced pressure and the residue 
was diluted with ethyl acetate. The solution was washed with a saturated aqueous solution of sodium chloride and dried 
over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified 
by silica gel column chromatography [eluent: toluene/ethyl acetate (20/1 )] to give 5.58 g (67%) of the product as an oily 
substance. 

30 [0285] The product was a mixture of diastereomers. 

NMR (CDCI 3 ; 8, ppm): 1 .04(t, J=7.2Hz, 1 .5H), 1 .05(t, J=7.2Hz, 1 ,5H), 3.0-3.2(br, 2H), 3.3-3.5(br, 2H), 3.90(s, 3H), 
3.9-4.0(m, 2H), 4.31(d, J-11.1Hz, 0.5H), 4.33(d, J=11.1Hz, 0.5H), 4.61(d, J=11.1Hz, 1H), 7.1-7.3(m, 4H), 7.4- 
7.5(m, 1H),7.7-7.9(m,2H) 

35 

(StepB) 
Compound 26 

40 [0286] The same procedures as in Steps B-D of Example 24 were repeated using Compound 26-a to give the product 
(39%) as an oily substance. 

NMR (CDCI 3 ; 5, ppm): 1.25(t, J=7.6Hz, 3H), 2.57(s, 3H), 2.64(s, 3H), 2.71(q, J=7.6Hz, 2H), 2.9-3.1(br, 2H), 3.2- 
3.4(br, 2H), 3.67(d, J=8.3Hz, 2H), 4.72(t, J=8.3Hz, 1 H), 5.35(s, 2H), 6.73(d, J=7.9Hz, 1 H), 6.83(s, 1 H), 6.89(s, 1 H), 
45 6.9-7. 1(m, 11 H),7.2-7.4(m,9H) 

Example 27 

2-(5,7-Dimethyl-2-cyclopropyl-3H-imidazo[4,5-b]py^ 
so 10,1 1-dihydrodibenzo[a,d]cycloheptene (Compound 27) 

[0287] The same procedure as in Example 26 was repeated using 5,7-dimethyl-2-cyclopropyl-3H-imidazo[4,5-b]pyri- 
dine to give the product as an oily substance. 

55 NMR (CDCI 3 ; 8, ppm): 0.8-0.9(m, 2H), 1 .0-1 .1 (m, 2H), 1 .7-1 .8(m, 1 H), 2.55(s, 3H), 2.58(s, 3H), 2.9-3.1 (br, 2H), 3.2- 
3.4(br s 2H), 3.67(d, J=8.3Hz, 2H), 4.72(t, J=8.3Hz, 1 H), 5.45(s, 2H), 6.80(dd, J=7.9Hz, 2.0Hz, 1 H), 6.85(s, 1 H), 6.9- 
7.1 (m, 11H), 7.07(s, 1H), 7.2-7.4(m, 9H) 
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Example 28 

2-(57-Dimethyl-2-ethyl-3H-im^ 
ibenzo[a,d]cycloheptene (Compound 28) 

5 

(Step A) 

Compound 28 (0.5 hydrate) 

w [0288] The same procedure as in Step B of Example 6 was repeated using Compound 26 to give the product (92%) 
as a solid. 

Melting point: 160°C (decomposition) 

NMR (CDCI 3 ; 5, ppm): 1.1 7(t, J=7.6Hz, 3H), 2.46(s, 3H), 2.53(s, 3H), 2.68(q, J=7.6Hz, 2H), 2.6-2.8(br, 2H), 2.9- 
15 3.1 (br, 2H), 3.53(d, J=8.3Hz, 2H), 4.58(t, J=8.3Hz, 1H), 5.31 (s, 2H), 6.65(s, 1H), 6.68(d, J=7.9Hz, 1H), 6.84(d, 
J=7.9Hz, 1 H), 6.92(s, 1 H), 6.9-7.1 (m, 4H) 



20 


Elemental analysis (%): C28H29N 


7 • 0.5H 2 O 




Found : 


C71.00, 


H 6.49, 


N 20.60 




Calcd.: 


C 71.16, 


H 6.40, 


N 20.75 



25 

(Step B) 



Potassium salt of Compound 28 (1.3 hydrate) 

30 [0289] The same procedure as in Step B of Example 25 was repeated using Compound 28 to give the product (90%) 
as a white solid. 

Melting point: (not measurable because of hygroscopicity) 



Elemental 


analysis 


(%): 


C 28 H2 8 N 7 K-1.3H 2 0 






Found : 


C 64.12, 


H 5.98, 


N 18.55 


Calcd.: 


C 64.05, 


H 5.87, 


N 18.67 



Example 29 

45 

2-(5J-Dimethyl-2-cyclopropyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl-5-(1H-tetrazol-5-yl)methyl-5H-10,11-dihydrod- 
ibenzo[a,d]cycloheptene [Compound 29 (0.4 hydrate)] 

[0290] The same procedure as in Step B of Example 6 was repeated using Compound 27 to give the product (33%) 
so as a white solid. 

Melting point: 155°C (decomposition) 

NMR (CDCI 3 ; 8, ppm): 0.9-1 .0(m, 2H), 1 .1-1 .2(m, 2H), 1 .7-1 .8(m, 1 H), 2.44(s, 3H), 2.52(s, 3H), 2.5-2.7(br, 2H), 2.9- 
3.1 (br, 2H), 3.4-3.6(br, 2H), 4.4-4 .6(br, 1 H), 5.42(d, J=1 6.0Hz, 1 H), 5.45(d, J=1 6.0Hz, 1H), 6.72(s, 1 H), 6.78(s, 1 H), 
55 6.9-7.1 (m, 6H) 
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Elemental analysis (%): C 2 9H 29 N 7 •0AH 2 O 


Found : 
Calcd.: 


C 72.07, 
C 72.14, 


H 6.48, 
H 6.22, 


N 20.18 
N 20.31 



w Example 30 

5-Cyanomethyl-2-(5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl-5H-1 0,1 1 -dihydrodibenz[b,f]azepine 
(Compound 30) 

15 

(Method 1) 
(Step 1 A) 

20 2-(4-Methylpiperazino)methyl-5H-10,1 1-dihydrodibenz[b,f]azepine (Compound 30-1a) 

[0291] 5H-10.1 1-Dihydrodibenz[b,f]azepine (250 g) was suspended in a mixture of 600 ml of dichloroethane and 600 
ml of acetic acid, and 155 ml of 1-methylpiperazine was added dropwise to the suspension. To the mixture was added 
42 g of paraformaldehyde at 50°C, followed by stirring for 6 hours. The solvent was distilled off under reduced pressure 
25 and the residue was diluted with ethyl acetate. The solution was washed with a saturated aqueous solution of sodium 
chloride and dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure to give 
the product (91%). The obtained product was subjected to the subsequent reaction without particular purification. 

(SteplB) 

30 

5-Formyl-2-(4-methylpiperazino)methyl-5H-10,1 1-dihydrodibenz[b,f]azepine (Compound 30-1 b) 

[0292] Formic acid (99%; 300 ml) was added dropwise to 600 ml of acetic anhydride, the internal temperature being 
maintained at 45°C, followed by stirring for one hour. To this solution was added, in small portions, a suspension of 375 

35 g of Compound 30-1 a in 500 ml of dichloroethane under ice cooling, followed by stirring at room temperature for 8 
hours. After cooling, 400 ml of methanol was added, and the solvent was distilled off under reduced pressure. The res- 
idue was diluted with water, and adjusted to pH 9-10 with a 10N aqueous solution of sodium hydroxide. The organic 
layer was extracted with ethyl acetate, and the extract was washed with a saturated aqueous solution of sodium chloride 
and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue 

40 was purified by silica gel column chromatography [eluent: ethyl acetate/methanol/triethylamine (300/20/1 )] to give 1 06.8 
g (23%) of the product as an oily substance. 

NMR (CDCI 3 ; 8, ppm): 2.27(s, 3H), 2.45(brs, 8H), 2.7-3.5(m, 4H), 3.45(s, 2H), 6.8-7.4(m, 7H), 8.55 (s, 1H) 

45 (Step 1C) 

5-Formyl-2-(5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl-5H-10,11-dihydrodibenz[b,f]azepine (Com- 
pound 30-1 c) 

so [0293] Compound 30-1 b (50 g) was dissolved in 500 ml of dichloromethane, and 21.5 ml of ethyl chloroformate was 
added dropwise to the solution under ice cooling, followed by stirring at room temperature for one hour and a half. The 
mixture was washed with a saturated aqueous solution of sodium chloride and dried over anhydrous magnesium sul- 
fate, and the solvent was. distilled off under reduced pressure. The residue was dissolved in 100 ml of DMF, and this 
solution was added dropwise to a mixture of 26.1 g of 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine, 16.7 g of potas- 

55 sium tert-butoxide and 80 ml of DMF, followed by stirring at room temperature for 30 minutes. The solvent was distilled 
off under reduced pressure and the residue was diluted with dichloromethane. The solution was washed with a satu- 
rated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was distilled 
off under reduced pressure to give 80 g of the product. The obtained product was subjected to the subsequent reaction 
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without particular purification. 

NMR (CDCI 3 ; 5, ppm): 1.32(t, J=7.4Hz, 3H), 2.56 and 2.61 (s for each, total 6H), 2.78(q, J=7.4Hz, 2H), 2.8-3.6(m, 
4H), 5.40(s, 2H), 6.60-7.40(m, 8H), 8.50(s, 1 H) 

5 

(StepID) 

2-(5J-Dimethyl-2-ethyl-3H-imidazo^^ (Compound 30-1d) 

w [0294] The crude Compound 30-1c (80 g) was mixed with 58 ml of 28% sodium methoxide solution in methanol and 
500 ml of ethanol, and the mixture was heated under reflux for one hour. The solvent was distilled off under reduced 
pressure and the residue was solidified with methanol to give 40.1 g (70%) of the product as a white solid. 

Melting point: 191-192°C (decomposition) 
15 NMR (CDCI 3 ; 8, ppm): 1 .31 (t, J=7.6Hz, 3H), 2.60 and 2.63(s for each, total 6H), 2.81 (q, J=7.6Hz, 2H), 5.35(s, 2H), 
6.06(s, 1H), 6.60-7.1 0(m,8H) 

(SteplE) 

20 Compound 30 

[0295] Compound 30-1 d (55.4 g) was dissolved in 500 ml of acetic acid and the solution was cooled to 1 0°C. To this 
solution were added 1 1 g of KCN arnd 4.6 g of paraformaldehyde, followed by stirring at room temperature for 24 hours. 
Then, the reaction mixture was added slowly to a mixture of 900 ml of a 1 0N aqueous solution of sodium hydroxide, 1 
25 I of ice and 1 I of dichloromethane. The organic layer was washed with a 0.1 N aqueous solution of sodium hydroxide 
and then with a saturated aqueous solution of sodium chloride, and dried over anhydrous magnesium sulfate. The sol- 
vent was distilled off under reduced pressure, and the residue was purified by silica gel column chromatography [eluent: 
hexane/ethyl acetate/triethylamine (10/10/1)] to give 39 g (64%) of the product as an amorphous solid. 

30 NMR (CDCI 3 ; 5, ppm): 1 .31 (t, J=7.4Hz, 3H), 2.58 and 2.62(s for each, total 6H), 2.77(q, J=7.4Hz, 2H), 3.06(s, 4H) ( 
4.50(s, 2H), 5.36(s, 2H), 6.8-7.3(m, 7H) 

(Method 2) 

35 (Step2A) 

5-Cyanomethyl-5H-10,1 1-dihydrodibenz[b,f]azepine (Compound 30-2a) 

[0296] The same procedure as in Step 1E of Example 30 was repeated using 50 g of 5H-10,11-dihydrod- 
40 ibenz[b,f]azepine to give 59 g (98%) of the product. 

NMR (CDCI3; 6, ppm): 3.1 3(s, 4H), 4.53(s, 2H), 6.8-7.3(m, 8H) 

(Step 2B) 

45 

5-Cyanomethyl-2-(4-methylpiperazino)-5H-10,11-dihydrodibenz[b,f]azepine (Compound 30-2b) 

[0297] The same procedure as in Step 1 A of Example 30 was repeated using 5.0 g of Compound 30-2a to give 3.7 g 
(51%) of the product as an oily substance. . 

50 

NMR (CDCI 3 ; 5, ppm): 2.27(s, 3H), 2.44(brs, 8H), 3.12(s, 4H), 3.41(s, 2H), 4.52(s, 2H) 
(Step 2C) 
55 Compound 30 

[0298] The same procedure as in Step 1C of Example 30 was repeated using 3.0 g of Compound 30-2b to give 2.34 
g (64%) of the product. 
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. Example 31 

2-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b^ 
dihydrodibenz[b,f]azepine (Compound 31) 

(Method 1) 

[0299] A mixture of 8.65 g of Compound 30, 20 mi of tri-n-butyltin chloride, 4.8 g of sodium azide and 250 ml of toluene 
was heated under reflux at 100-1 10°C for 4 days. After ice cooling, 150 ml of water and 20 ml of a 1 0N aqueous solution 
10 of sodium hydroxide was added to the mixture. The aqueous layer was washed with ethyl acetate, and adjusted to pH 
5 with 4N aqueous hydrochloric acid. The resulting precipitate was separated from the mixture by filtration and dried to 
give 7.4 g (78%) of crude Compound 32 (described below). This crude compound was subjected to N-triphenylmethyl- 
ation according to the same procedure as in Step A of Example 6 to give 9.07 g (81%) of the desired compound as an 
amorphous solid. 

15 

NMR (CDCI 3 ; 8, ppm): 1.25(t, J=7.4Hz, 3H), 2.56 and 2.62(s for each, total 6H), 2.71 (q, J=7.4Hz, 2H), 3.00(s, 4H), 
5.19(s f 2H), 5.32(s, 2H), 6.6-7.5(m, 22H) 

(Method 2) 

20 

(Step 2A) 

2-Hydroxymethyl-5H-10,11-dihydrodibenz[b,f]azepine (Compound 31 -2a) 

25 [0300] 5-Benzyl-2-formyl-5H-1 0,1 1-dihydrodibenz[b,f]azepine (3.29 g) was dissolved in 200 ml of ethanol, and 0.5 g 
of sodium borohydride was added to the solution, followed by stirring at room temperature for 30 minutes. The solvent 
was distilled off under reduced pressure, and the residue was diluted with dichloromethane. The mixture was washed 
with 1N aqueous hydrochloric acid and a saturated aqueous solution of sodium chloride, and dried over anhydrous 
magnesium sulfate. After the solvent was distilled off under reduced pressure, the residue was dissolved in 300 ml of 

30 ethanol. To the solution was added 300 mg of 1 0% palladium carbon and the mixture was stirred in a stream of hydro- 
gen for 4 days. The catalyst was filtered off, and the filtrate was concentrated under reduced pressure. The residue was 
purified by silica gel column chromatography [eluent: hexane/ethyl acetate (2/1)] to give 1 .0 g (42%) of the product. 

NMR (CDCI 3 ; 8, ppm): 2.26(bs, 1H), 2.98(s, 4H), 4.45(s, 2H), 6;04(bs, 1H), 6.53-7.01 (m, 7H) 

35 

(Step 2B) 

2-(tert-Butyldimethylsilyloxymethyl)-5H-10,11-dihydrodibenz[b,f]azepine (Compound 31 -2b) 

40 [0301] A mixture of 1 .0 g of Compound 31 -2a, 1 .5 g of imidazole, 1 .5 g of tert-butyldimethylsilyl chloride and 30 ml of 
DMF was stirred overnight at room temperature, followed by addition of ice chips and further stirring. After the solvent 
was distilled off under reduced pressure, the residue was diluted with ethyl acetate, washed with a saturated aqueous 
solution of sodium bicarbonate and a saturated aqueous solution of sodium chloride, and then dried over anhydrous 
magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified by silica gel col- 

45 umn chromatography [eluent: hexane/ethyl acetate (10/1)] to give 1.34 g (89%) of the product as a colorless oily sub- 
stance. 

NMR (CDCI 3 ; 8, ppm): 0.1 0(s, 6H), 0.92(s, 9H), 3.06(s, 4H), 4.63(s, 2H), 6.65-7.06(m, 7H) 
50 (Step 2C) 

2-(tert-Butyldimethylsilyloxymethyl)-5-(N-triphenylmethyl-1H-tetrazol-5-yl)methyl-5H-10,11^ 
(Compound 31 -2c) 

55 [0302] A mixture of 1 .3 g of Compound 31 -2b, 2.0 g of 5-(chloromethyl)-N-(triphenylmethyl)tetrazole, 0.6 g of sodium 
iodide, 0.2 g of sodium hydride (60% oily) and 50 ml of DMF was stirred at 80°C for 15 hours. The solvent was distilled 
off under reduced pressure, and the residue was diluted with ethyl acetate. The organic layer was washed with a satu- 
rated aqueous solution of sodium bicarbonate and a saturated aqueous solution of sodium chloride, and then dried over 
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anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified by 
silica gel column chromatography [eluent: hexane/ethyl acetate (10/1)] to give 1.05 g of an oily substance containing 
the desired compound. 

[0303] The product contained impurities, but was subjected to the subsequent reaction without further purification. 

5 

NMR (CDCI 3 ; 5, ppm): 0.07(s, 6H), 0.85(s, 9H), 2.99(s, 4H), 4.62(s, 2H), 5.23(s, 2H), 6.7-7.7(m, 22H) 
(Step 2D) 

w 2-Hydroxymethyl-5-(N-triphenyl^ (Compound 31-2d) 

[0304] The substance obtained in Step 2C was dissolved in 50 ml of THF, and 6 ml of 1M tetrabutylammonium fluo- 
ride/THF solution was added to the solution, followed by stirring at room temperature for 2 hours. The solvent was dis- 
tilled off under reduced pressure and the residue was diluted with ether. The organic layer was washed with a saturated 
15 aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure, and the residue was purified by silica gel column chromatography [eluent: chloroform/met ha nol 
(50/1 )] to give 0.23 g (26%) of the product as a yellow oily substance. 

NMR (CDCI 3 ; 5, ppm): 2.05(s, 1H), 2.98(s, 4H), 4.43(s, 2H), 5.13(s, 2H), 6.75-7.19(m, 22H) 
20 IR(CHCI 3 ; cm' 1 ): 3400, 2924, 1702, 1598, 1491 

(Step2E) 

Compound 31 

25 

[0305] The same procedures as in Steps C and D of Example 1 were repeated using 0.21 g of Compound 31 -2d and 
180 mg of 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine to give 0.1 g (38%) of the product. 

Example 32 

30 

2-(5,7-Dimethyl-2-ethyl-3HHmida^ 
ibenz[b,f]azepine (Compound 32) 

[0306] A mixture of 43.6 g of Compound 31 , 50 ml of 4N aqueous hydrochloric acid, 200 ml of water and 300 ml of 
35 dioxane was stirred at room temperature for one hour. The solvent was distilled off under reduced pressure, and the 
residue was diluted with water and a 10N aqueous solution of sodium hydroxide to be adjusted to pH 12. After washing 
with ethyl acetate, the aqueous layer was adjusted to pH 5 with 4N aqueous hydrochloric acid. The resulting precipitate 
was separated from the mixture by filtration and recrystallized from acetone to give 18.2 g (64%) of the product as a 
white solid. 

40 

Melting point: >250°C 

NMR (DMSO-d 6 ; 6, ppm): 1.1 8(t, J=7.4Hz, 3H), 2.49(s, 6H), 2.69(q, J=7.4Hz, 2H), 3.09(s,.4H), 5.23(s, 2H), 5.31 (s, 
2H), 6.78-7.20(m, 8H) 



45 





Elemental analysis (%): C27H 28 N 8 




Found : 


C 70.17, 


H 6.25, 


N 23.80 


50 


Calcd.: 


C 69.80, 


H 6.08, 


N 24.12 



Example 33 

55 5-Caifcoxymethyl-2-(5,7-dimethyl-2-ethyl-3m 
[Compound 33 (0.3 hydrate)] 

[0307] Compound 30 (1 .0 g) was hydrolyzed according to the same procedure as in Example 3 to give 0.98 g (94%) 
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of the product as a white solid. 
Melting point:. 11 4-11 5°C 

NMR (DMSO-d 6 ; 5, ppm): 1.23(t, J=7.4Hz, 3H), 2.50(s, 6H), 2.76(q, J=7.4Hz, 2H), 3.05(brs, 4H), 4.40(s, 2H), 
5 5.32(s, 2H), 6.63-7.08(m, 8H) 



Elemental analysis (%): C 2 7H 28 N 4 • 0.3H 2 O 


Found : 
Calcd.: 


C 72.98, 
C 72.72, 


H 6.65, 
H 6.46, 


N 12.51 
N 12.56 



15 Example 34 

2-(5,7-Dimethyl-2-cyclopropyl-3H-i^ 
ibenz[b,f]azepine (Compound 34) 

20 (Step A) 

Compound 34 

[0308] The same procedures as in Examples 30-32 were repeated using 5,7-dimethyl-2-cyclopropyl-3H-imidazo[4,5- 
25 b]pyridine to give the crude product as a solid. 

Melting point: 172°C (diisopropyl ether) 

NMR (DMSO-d 6 ; 5, ppm): 1.00(t, J=7.4Hz, 3H), 1.03(brs, 4H), 2.1 1(m, 1H), 2.43 and 2.48(s for each, total 6H), 
3.04(brs, 4H), 4.88(s, 2H), 5.39(s, 2H), 6.75-7.30(m, 8H) 

30 

(Step B) 

Potassium salt of Compound 34 
35 [0309] The same procedure as in Step B of Example 25 was repeated using Compound 34 to give the product. 
Melting point: 167-1 69°C (ether) 



40 



Elemental analysis (%): C 28 H 27 N 8 K 


Found : 
Calcd.: 


C 65.12, 
C 65.34, 


H5.51, 
H 6.29, 


N21.62 
N 21.77 



Example 33 

2-(5,7-Dimethyl-2-ethyl-3H-imidazoK^ 
50 ibenz[b,f]azepine (Compound 35) 

(Step A) 

8-Methyl-5H-10,11-dihydrodibenz[b,f]azepine (Compound 35-a) 

55 

[0310] Compound 35-a was obtained as a by-product in Step 2 A of Example 31 . 
Melting point: 72-74°C 
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NMR (CDCI 3 ; 5, ppm): 2.1 5(s, 3H), 3.00(s, 4H), 5.80(brs, 1H), 6.50-7.20(m, 7H) 
(StepB) 

5 Compound 35 (monohydrate) 

[0311] The same procedures as in Examples 30-32 were repeated using Compound 35-a to give the product as a 
white solid. 

w Melting point: 136-1 37°C (ether) 

NMR (DMSO-d 6 ; 8, ppm): 1.1 9ft J=7.4Hz, 3H), 2.15(s, 3H), 2.49(s, 6H), 2.72(q, J=7.4Hz, 2H), 3.06(s, 4H), 5.18(s, 
2H), 5.30(s, 2H), 6.75-7.20(m, 7H) 



Elemental analysis (%): C 2 8H 30 N 8 • H 2 0 


Found : 
Calcd.: 


C 69.63, 
C 69.48, 


H 6.58, 
H 6.37, 


N 23.18 
N 23.15 



Example 36 

2-(5,6-Dimethyibenzimidazol-1-yl)me%^ (Compound 
25 36) 

[0312] The same procedures as in Examples 30-32 were repeated using 5,6-dimethylbenzimidazole to give the prod- 
uct as a white solid. 

30 Melting point: 188-1 89°C (acetonitrile) 



Elemental analysis (%): C 2 6H 25 N 7 


Found : 
Calcd.: 


C71.93, 
C 71.70, 


H 5.97, 
H 5.79, 


N 22.23 
N 22.51 



40 Example 37 

2-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5^ 
ibenz[b,f]azepine (Compound 37) 

45 (Step A) 

5-(2-Cyanophenyl)methyl-5H-1 0, 1 1 -dihydrodibenz[b,f]azepine (Compound 37-a) 

[0313] Iminodibenzyl (1 0 g) was dissolved in THF, and 32 ml of n-butyl lithium (1 .6M hexane solution) was added to 
50 the solution under ice cooling, followed by stirring under the same conditions for 30 minutes. To the mixture was added 
180 ml of a solution of (2-cyanophenyl)benzylbromide in THF, and the mixture was stirred overnight at room tempera- 
ture. Then, the mixture was diluted with ethyl acetate, washed with a saturated aqueous solution of sodium chloride, 
and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue 
was purified by silica gel column chromatography [eluent: hexane/ethyl acetate (9/1)] to give 9.92 g (63%) of the prod- 

55 UCt. 

NMR (CDCI 3 ; 5, ppm): 3.24(s, 4H), 5.17(s, 2H), 6.7-7.7 (m, 2H) 
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(Step B) 

2-Formyl-5-(2-cyanophenyl)methyl-5hM 0,1 1 -dihydrodibenz[b,f]azepine (Compound 37-b) 

5 [0314] DMF (5 ml) was added dropwise to 5 ml of phosphorus oxychloride with cooling. To the solution was added 
dropwise 40 ml of a solution of 7. 0 g of Compound 37-a in DMF, followed by stirring at 70°C for 6 hours. The reaction 
mixture was poured onto ice, and extracted with ethyl acetate. The organic layer was washed with a saturated aqueous 
solution of sodium chloride and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure, and the residue was purified by silica gel column chromatography [eluent: hexane/ethyl acetate (2/1)] to give 

w 5.83 g (75%) of the product as a yellow amorphous solid. 

NMR (CDCI 3 ; 8, ppm): 3.26(s, 4H), 5.24(s, 2H), 6.9-7.7(m, 7H), 9.80(s, 1H) 
(StepC) 

2-Hydroxymethyl«5-(2-cyanophenyl)methyl-5H-10,1 1-dihydrodibenz[b,f]azepine (Compound 37-c) 

[0315] The same procedure as in Step 2A of Example 31 was repeated using Compound 37-b to give the product 
(98%) as a yellow amorphous solid. 

20 

NMR (CDCI 3 ; 8, ppm): 3.24(s, 4H), 4.54(brs, 2H), 5.1 6(s, 2H), 6.7-7.7(m, 1 1 H) 
(Step D) 

25 2-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yI)methyl-5-(2-cyanophenyl)methyl-5H-1 0,1 1-dihydrod- 
ibenz[b,f]azepine (Compound 37-d) 

[031 6] The same procedures as in Steps C and D of Example 1 were repeated using Compound 37-c to give the prod- 
uct (27%) as an oily substance. 

30 

NMR (CDCI 3 ; 8, ppm): 1.25(t, J=7.4Hz, 3H), 2.57 and 2.61(sfor each, total 6H), 2.70(q, J=7.4Hz, 2H), 3.15(s, 4H), 
5.12(s, 2H), 5.30(s, 2H), 6.85-7.61(m, 12H) 

(StepE) 

Compound 37 (0.2 diisopropyl ether adduct • 0.3 hydrate) 

[0317] The same procedures as in Method 1 of Example 31 and Step B of Example 6 were repeated using Compound 
37-d, followed by solidification with diisopropyl ether to give the product (48%) as a white solid. 

40 

Melting point: 133-135°C 

NMR (CDCI 3 ; 8, ppm): 1.11(t, J=7.4Hz, 3H), 2.54 and 2.56(s for each, total 6H), 2.73(q, J=7.4Hz, 2H), 2.9-3.1 (m, 
4H), 5.29(S, 2H), 5.32(s, 2H), 6.5-7.6(m, 11H) 

45 





Elemental analysis (%): 
C26 H 25 N 7 * 0.2C 6 H 14 O • 0.3H 2 O 


50 


Found : 


C 72.40, 


H6.14, 


N 19.73 




Calcd.: 


C 72.51, 


H 6.29, 


N 19.78 



55 
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Example 33 

2-[[2-(5J-Dimethyl-2-ethyl-3H-im^ 

zoic acid [Compound 38 (0.4 diisopropyl ether adduct • 1 .5 hydrate)] 

5 . 

[0318] Compound 37-d was hydrolyzed according to the same procedure as in Example 3, followed by solidification 
with diisopropyl ether to give the product (50%). 

Melting point: 137°C (decomposition) 
w NMR (DMSO-d 6 ; 8, ppm): 1.1 8(t, J=7.4Hz, 3H) t 2.49(s, 6H), 2.71 (q, J=7.4Hz, 2H), 3.05(s, 4H), 5.20(s, 2H), 5.29(s, 
2H), 6.75(d, J=7.9Hz, 1H), 6.85(d, J=7.4Hz, 1H) f 6.90(s, 1H), 6.97-7.14(m, 5H), 7.22(t, J=7.4Hz, 1H), 7.35(t, 
J=7.4Hz, 1 H), 7.54(d, J=7.4Hz, 1 H) 
IR(KBr tablet; cm" 1 ): 1598, 1477, 1221 



Elemental analysis (%): 




C33H3 2 N 4 02 • 0.4C 6 H 14 O • 1 .5H 2 0 


Found : 


C 72.85, 


H 6.70, 


N 9.35 


Calcd.: 


C 72.74, 


H 7.00, 


N9.58 



Example 39 

25 

2-(7-Carooxy-2-ethylbenzimidazol-1-yl)m^ (Com- 
pound 39) 

(Step A) 

30 

N-[(5-Formyl-5H-1 0,1 1 -dihydrodibenz(b,f)azepin-2-yl)methyl]-N-[3-(methoxycarbonyl)nitrobenzen-2-yl]propionamide 
(Compound 39-a) 

[0319] The same procedure as in Step 1C of Example 30 was repeated using N-[3-(methoxycarbonyl)nitrobenzen-2- 
35 yl]propionamide to give the product (22%) as a yellow amorphous solid. 

NMR (CDCI 3 ; 6, ppm): 1.1 3(t, J=7.4Hz, 3H), 2.1 1(q, J=7.4Hz, 2H), 2.6-3.4(m, 4H), 3.44 and 3.48(s for each, total 
3H), 4.34 and 4.98(ABsyst, J=12.2Hz, 2H), 6.8-8.2(m, 10H), 8.50 and 8.52(s for each, total 1H) 

40 (StepB) 

2-[2-Ethyl-7-(methoxycarbonyl)benzimidazol-^ (Compound 39- 

b) 

45 [0320] A mixture of 1.5 g of Compund 39-a, 2.9 g of tin, 3 ml of cone, aqueous hydrochloric acid and methanol was 
heated under reflux for one hour and a half. The mixture was diluted with ethyl acetate, washed with a saturated aque- 
ous solution of sodium chloride, and dried over anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure, and the residue was purified by silica gel column chromatography [eluent: hexane/ethyl acetate/tri- 
ethylamine (10/10/1)] to give 0.12 g (8%) ol the product as a yellow oily substance. 

50 

NMR (CDCI 3 ; 6, ppm): 1.25(t, J=7.1Hz, 3H), 2.6-3.7(m, 6H), 3.69(s, 3H), 4.12(q, J=7.1Hz, 2H), 5.74(s, 2H), 6.6- 
8.3(m, 10H),8.50(s, 1H) 

(Step C) 

55 

Compound 39 



[0321] The same procedures as in Steps 1 D and 1 E of Example 30, Method 1 of Example 31 , and Step B of Example 
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6 were repeated using Compound 39-b to give the product as a solid. 
Melting point: 145-1 46°C 

NMR (DMSO-d 6 ; 5, ppm): 1.26(t, J=7.1Hz, 3H), 2.6-3.2(m, 6H), 5.1 8(s, 2H), 5.57(s, 2H), 6.7-7.90(m, 10H) 





Elemental analysis (%): C 2 7H 2 5N 7 0 2 


10 


Found : 


C 67.77, 


H 5.33, 


N 20.12 .. 




Calcd.: 


C 67.63, 


H 5.25, 


N 20.45 



Example 40 

15 

N-[[5-(1H-Tetrazol-5-yl)methyl-5H-10,11-dihyd (Compound 40) 

(Step. A) 

20 5-Cyanomethyl-2-formyl-5H-1 0,11 -dihydrodibenz[b,f]azepine (Compound 40-a) 

[0322] The same procedure as in Step B of Example 37 was repeated using 1 .0 g of Compound 30-2a to give 0.27 g 
(24%) of the product as an oily substance. 

25 NMR (CDCI 3 ; 6, ppm): 3.07(s, 4H), 4.48(s, 2H), 6.8-7.7(m, 7H), 9.77(s, 1 H) 

(Step B) 

N-[(5-Cyanomethyl-5H-10,1 1-dihydrodibenz[b,f]azepin-2-yl)methyl]valine (Compound 40-b) 

30 

[0323] A mixture of 1.0 g of Compound 40-a, 0.7 g of valine methylester hydrochloride, 0.5 g of molecular sieves and 
1 5 ml of THF was stirred at room temperature for 2 days. After ice cooling, 3 ml of methanol and subsequently 0.4 g of 
sodium cyanoborohydride were added to the mixture. After the mixture was stirred overnight, insoluble matters were fil- 
tered off, and the filtrate was concentrated. The residue was diluted with dichloromethane, washed with a saturated 
35 aqueous solution of sodium chloride, and dried over anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure, and the residue was purified by silica gel column chromatography [eluent: hexane/ethyl acetate 
(1/1)1 to give 1 .2 g (82%) of the product as a yellow oily substance. 

NMR (CDCI 3 ; 6, ppm): 0.92 and 0.94(d for each, J=6.8Hz, total 6H), 1.7-2.1(m, 1H), 3.0(d, J=8.4Hz, 1H), 3.12(s, 
40 4H), 3.50 and 3.75(ABsyst, J=12.8Hz, 2H), 3.70(s, 3H), 4.53(s, 2H), 6.8-7.3(m, 7H) 

(Step C) 

N-[(5-Cyanomethyl-5H-10,11-dihydrodibenz[b,f]azepin-2-yl)methyl]-N-valerylvaline (Compound 40-c) 

45 

[0324] Compound 40-b (1 .2 g) was dissolved in a mixture of 30 ml of dichloromethane and 0.6 ml of diisopropylethyl- 
amine, and 0.4 ml of valeryl chloride was added to the solution under ice cooling, followed by stirring at room tempera- 
ture for 5 hours. Then, ice was added thereto, and the mixture was stirred for some time. The mixture was diluted with 
dichloromethane, washed with a saturated aqueous solution of sodium bicarbonate and a saturated aqueous solution 
50 of sodium chloride, and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, 
and the residue was purified by silica gel column chromatography [eluent: hexane/ethyl acetate (5/1)] to give 1.4 g 
(96%) of the product as a yellow oily substance. 

NMR (CDCI 3 ; 5, ppm): 0.8-2.6(m, 17H), 3.1 1(s, 4H), 3.45(s, 3H), 4.54(brs, 2H), 5.29(s, 2H), 6.8-7.3(m, 7H) 
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(StepD) 

Compound 40 (0.5 diisopropyl ether adduct • 0.5 hydrate) 

5 [0325] The same procedures as in Method 1 of Example 31 and Step E of Example 1 were repeated using 1.4 g of 
Compound 40-c, followed by solidification with diisopropyl ether to give 0.38 g (25%) of the product as a pale yellow 
solid. 



Melting point: 82°C 

w NMR (CDCI 3 ; 5, ppm): 0.85-1. 70(m, 15H), 2.41 (t, J=7.4Hz, 2H), 2.9-3.2(m, 4H), 4.24 and 4.71(ABsyst, J=16.8Hz, 
. 2H), 5.08 and 5.15(ABsyst, J=15.1Hz, 2H), 6.85-7.15(m, 7H) 



15 



20 



Elemental analysis (%): 
C 27 H 34 N 6 0 3 • 0.5C 6 H 14 O • 0.5H 2 O 



Found : 
Calcd. : 



C 65.77, 


H 7.80, 


C 65.43, 


H 7.69, 



N 15.09 
N 15.26 



Ex9mple 41 

N-[(5-Cyanomethyl-5H-10,11-dihydrodibenz^ 
25 (Compound 41) 

[0326] The same procedure as in Method 1c of Example 30 was repeated using Compound 30-2b and N-[3-(ethoxy- 
carbonyl)pyridin-2-yl]propylamine to give the product. 

30 NMR (CDCI 3 ; 5, ppm): 0.99(t, J=7.0Hz, 3H), 1.2-1.8(m, 5H), 3.01 (t, J=7.9Hz, 2H), 3.14(s, 4H), 3.47(q, J=7.0Hz, 
2H), 4.54(s, 2H), 5.20(s, 2H), 6.46(dd, J=7.9Hz, 5.1 Hz, 1 H), 6.8-7.3(m, 7H), 8.0-8.3(m, 2H) 

Example 42 

35 S^SJ-Dimethyl^-ethyl-SH-imidazoH^-blpyridin-S-yOmethyl^-^-il H-tetrazol-5-yl)ethyl]carbazole (Compound 42) 
(Step A) 

9-(2-Cyanoethyl)carbazole (Compound 42-a) 



40 



[0327] Carbazole (8.0 g) was suspended in 100 ml of toluene, and 4 ml of acrylonitrile and subsequently 0.5 ml of 
Triton B were added to the suspension, whereby the suspension was solidified. Then, the reaction mixture was allowed 
to stand for one hour, and methanol was added thereto, followed by filtration to give 4.41 g (42%) of the product as a 
white solid. 



45 



NMR (CDCI 3 ; 5, ppm): 2.84(t, J=7.3Hz, 2H), 4.65(t, J=7.3Hz, 2H), 7.1-7.6(m, 6H), 8.10(dd, J=7.5Hz, 1.1Hz, 2H) 
(Step B) 

50 9-(2-Cyanoethyl)-3-formylcarbazo!e (Compound 42-b) 

[0328] The same procedure as in Step B of Example 37 was repeated using 6.3 g of Compound 42-a to give 5.08 g 
(72%) of the product as an oily substance. 



55 



NMR (CDCI 3 ; 5, ppm): 2.90(t, J=6.7Hz, 2H), 4.75(t, J=6.7Hz, 2H), 7.3-8.2(m, 7H), 8.62(s, 1H) 
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(StepC) . 

9-(2-Cyanoethyl)-3-(hydroxymethyl)carbazole (Compound 42-c) 

[0329] The same procedure as in Step 2A of Example 31 was repeated using 2.8 g of Compound 42-b to give 1 .8 g 
(65%) of the product as an oily substance. 

NMR (CDCI 3 ; 6, ppm): 2.79(t, J=7.1Hz, 2H), 4.60(t, J=7.1Hz, 2H), 4.84(s, 2H), 7.1-7.6(m, 4H), 7.9-8.2 (m, 2H) 

(StepD) 

9-(2-Cyanoethyl)-3-(5 J 7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyicarbazole (Compound 42-d) 

[0330] The same procedures as in Steps C and D of Example 1 were repeated using 1 .8 g of Compound 42-c to give 
0.53 g (18%) of the product as an oily substance. 

NMR (CDCI 3 ; 8, ppm): 1.30(t, J=7.4Hz, 3H), 2.62 and 2.64(s for each, total 6H), 2.6-3.0(m, 4H), 4.60(t, J=7.0Hz, 
2H), 5.63(s, 2H), 6.91 (s, 1H), 7.1-7.4(m, 4H), 7.8-8.1 (m, 2H) 

(Step E) 

Compound 42 (0.75 hydrate) 

[0331] The same procedures as in Method 1 of Example 31 and Step B of Example 6 were repeated using 0.53 g of 
Compound 42-d, followed by solidification with diisopropyl ether to give 0.16 g (48%) of the product. 

Melting point: 180-1 81 °C 

NMR (CDCI 3 ; 8, ppm): 1.11 (t, J=7.4Hz, 3H), 2.50 and 2.61 (s for each, total 6H), 2.67(q, J=7.4Hz, 2H), 3.30(t, 
J=6.9Hz, 2H), 4.60(t, J=6.9Hz, 2H), 5.52(s, 2H), 6.88(s. 1 H), 6.85-7.30(m, 5H), 7.63-7.66(m, 2H) 



Elemental 


analysis 


(%): 


^26^26^8 


•0.75H 2 O 






Found : 


C 67.25, 


H5.91, 


N 24.17 


Calcd.: 


C 67.29, 


H 5.97, 


N 24.15 



Example 43 

N-[[9-[2-(1H-Tetrazol-5-yl)ethyl]carbazol-3-yl]methyl]-N-valerylvaline [Compound 43 (0.1 diisopropyl ether adduct • 0.6 
hydrate)] 

[0332] The same procedures as in Steps B-D of Example 40 were repeated using Compound 42-b to give the product. 
Melting point: 111-11 2°C (diisopropyl ether) 

NMR (CDCI 3 ; 8, ppm): 0.75-1.8(m, 15H), 2.30-2.70(m, 3H), 3.44(t, J=7.2Hz, 2H), 4.70(t, J=7.2Hz, 2H), 4.85 and 
4.95(ABsyst, J=15.6Hz, 2H), 7.1-7.5(m, 5H), 7.93(s, 1H), 8.02(dd, J=1 1.6Hz, 7.7Hz, 1H) 



Elemental analysis (%): 
C26 H 32 N 603 ' 01 C 6 H 14° * 0.6H 2 O 



Found : 
Calcd.: 



C 64.03, 


H 6.94, 


C 64.21, 


H7.01, 



N 16.79 
N 16.89 
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Example 44 



3-(5J-Dimethyl-2-ethyl-3H-imidazo [Compound 
44 (0.25 hydrate)] 

5 

[0333] The same procedure as in Example 42 was repeated using phenothiazine to give the product. 
Melting point: 121-122°C (diisopropyl ether) 

NMR (CDCI 3 ; 8, ppm): 1.31 (t, J=7.4Hz, 3H), 2.59 and 2.61 (s for each, total 6H), 2.84(q, J=7.4Hz, 2H), 3.41 (t, 
w J=6.9Hz, 2H), 4:27(brs, 2H), 5.38(s, 2H), 6.8-7.3(m, 8H) 



15 



Elemental analysis (%): 
C 26 H 26 N 8 S*0.25H 2 O 



Found : 
Calcd. : 



C 64.30, 


H.5.46, 


C 64.11, 


H 5.48, 



N 22.09 
N 23.00 



20 



Example 45 Tablets 

[0334] Tablets each having the following composition are prepared in a conventional manner. 



25 



30 



35 



Compound 6-E 


50 mg 


Lactose 


60 mg 


Potato starch 


50 mg 


Polyvinyl alcohol 


2 mg 


Magnesium stearate 


1 mg 


Tar pigment 


trace 



Example 46 Powder 

[0335] Powder having the following composition is prepared in a conventional manner. 



40 



45 



Compound 32 


50 mg 


Lactose 


250 mg 



Claims 

1. A Compound of the formula (I) 



50 
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A Y ^ V-CH 2 -W 



where, in said formula: 

R 1 represents hydrogen, halogen or C r C 6 alkyl; 

A represents cyano, carboxyl, tetrazolyl, cyano-substituted phenyl, carboxyl-substituted phenyl or tetrazolyl- 
substituted phenyl; 

V represents -(CH 2 ) m -, where m is 0,1 or 2; 
W represents a group of the formula a, [J, y or £ 

where a is: 



R 2 

— N X N 

H 

Q 1 Q 4 
Q2|-Q^R3 
R 4 



where R 2 , R3 and R 4 are each hydrogen, halogen, C-[-C 6 alkyl, C 3 -C 6 cycloalkyl, halogenated CyC 6 alkyl, 
hydroxy, C r C 6 alkoxy, amino, C-|-C 6 alkylamino, carboxyl or (C r C 6 alkoxy)carbonyl; and Q 1 -Q 2 -Q 3 -0 4 repre- 
sents N=CH-CH=CH, CH=CH-CH=CH or CH 2 -CH 2 -CH 2 -CH 2 : 



Pis: 



R 2 

A 



— N N N 



R^ ^R 3 



wherein R 2 , R 3 and R 4 are as defined above: 
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y is: 



R 6 

-N^R? 



where R 5 and R 6 each represent hydrogen, C r C 6 alkyl or C 3 -C 6 cycloalkyl, and R 7 represents carboxyl, (C r 
15 C 6 alkoxy)carbonyl, carbamoyl or hydroxy methyl; and 

Sis: 




30 where R 8 and R 9 each represent hydrogen or C r c 6 alkyl, and Q represents N; 

X 1 -X 2 -X 3 represents the group CH=CH-CH=CH, S-CH=CH or CH=CH-S; 
Y represents a single bond, CH 2 , O, S, CH 2 O f OCH 2 , CH 2 S, SCH 2 , CH 2 CH 2 or CH=CH; and 
Z 1 -Z 2 represents the group C=CH, CH-CH 2 , CH-CH(COOH)- or N- (CH 2 ) n -(wherein n is an integer of 1 to 3); 
or a pharmaceutical^ acceptable salt thereof. 
40 2. A compound or salt according to claim 1, wherein R 1 is H; X 1 -X 2 -X 3 is CH=CH-CH=CH; 
m in V is 0; and 

the group VCH 2 W is at the para-position relative to the Z 1 atom in the tricyclic system. 
45 3. A compound or salt according to claim 2, wherein A is tetrazolyl. 

4. A compound or salt according to claim 3, wherein Y is CH 2 CH 2 ; 

5. A compound or salt according to claim 4, wherein Z 1 -Z 2 is N-CH 2 . 

50 

6. A compound or salt according to claim 5, wherein W is 2-alkyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-yl. 

7. A compound or salt according to claim 6, wherein the alkyl group in W is ethyl or cyclopropyl. 

55 8. A compound or salt according to claim 5, wherein W is 7-carboxy-2-ethyl-benzimidazol-1-yl or N-(T-carboxy-2- 
methyl)propyl-N-valerylamino. 

9. A compound or salt according to claim 4, wherein Z 1 -Z 2 is CH-CH 2 . 
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10. A compound or salt according to claim 9, wherein W is SJ-dimethyl^-ethyl-aH-imidazo^.S-blpyridin-S-yl. 

11. A compound or salt according to claim 4, wherein Z 1 -Z 2 is C=CH. 

5 1 2. A compound or salt according to claim 1 1 , wherein W is 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl. 

13. A compound or salt according to claim 3, wherein Y is CH 2 0. 

14. A compound or salt according to claim 13, wherein 2 1 -Z 2 is CH-CH 2 . 

10 

15. A compound or salt according to claim 14, wherein W is 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl. 

16. A compound or salt according to claim 2, wherein A is carboxyl; 

15 YisCH 2 CH 2 ; 

Z 1 -Z 2 is N-CH 2 ; 

and W is 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl. 

17. A pharmaceutical composition comprising a compound or salt as claimed in any one of the preceding claims in 
20 admixture with a pharmaceutical^ acceptable carrier. 

18. A compound or salt as claimed in any one of claims 1-16 for use as an in vivo All receptor antagonist. 
Patentanspriiche 

25 

1. Verbindung der Formel (I) 



30 




(0 



35 



wobei in der Formel: 



40 



R 1 fur ein Wasserstoff-, ein Halogenatom oder einen C r C 6 -Alkylrest steht; 

A fur einen Cyano-, Carboxyl-, Tetrazolyl-, cyano-substituierten Phenyl-, carboxyl-substituierten Phenyl- oder 
tetrazolyl-substituierten Phenylrest steht; 
V fur -(CH 2 ) m - steht, wobei m 0, 1 oder 2 ist; 
W fur einen Rest der Formel a, p, y Oder 5 steht 
wobei a ist: 



R 2 



55 
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wobei R 2 , R3 und R 4 jeweils fur ein Wasserstoff-, ein Haiogenatom, einen C^Cg-Alky!-, C 3 -C 6 -Cycloalkyl-, 
halogenierten C^Ce-Alky!-, Hydroxy-, ^-Ce-Alkoxy-, Amino-, C r C 6 -Alkylamino-, Carboxyl- Oder (C^Ce-Alk- 
oxy)carbonylrest stehen; und Q 1 -Q 2 -Q 3 -Q 4 fur N=CH-CH=CH, CH=CH-CH=CH Oder CH 2 -CH 2 -CH 2 -CH 2 
steht: 
Pist: 



R 2 




wobei R 2 , R 3 und R 4 wie vorstehend definiert sind: 
Y ist: 



R 6 




wobei R 5 und R 6 jeweils fur ein Wasserstoffatom, einen C r C 6 -Alkyl- oder C 3 -C 6 -Cycloalkylrest stehen, und R 7 
fur einen Carboxyl-, (C r C 6 -Alkoxy)carbonyl-, Carbamoyl- Oder Hydroxy methyl rest steht; und 
5 ist: 




R 8 COOR 9 



wobei R 8 und R 9 jeweils fur ein Wasserstoffatom Oder einen C r C 6 -Alkylrest stehen, und Q fur N steht; 
X 1 -X 2 -X 3 fur die Gruppe CH=CH-CH=CH, S-CH=CH Oder CH=CH-S steht; 

Y fur eine Einfachbindung, CH 2 , O, S, CH 2 0, OCH 2 , CH 2 S, SCH 2 , CH 2 CH 2 Oder CH=CH steht; und 

Z 1 -Z 2 fur die Gruppe C=CH, CH-CH 2 , CH-CH(COOH)- oder H-(CH 2 ) n - (wobei n eine ganze Zahl von 1 bis 3 

ist) steht; 

oder ein pharmazeutisch vertragliches Salz davon. 
Verbindung oder Salz nach Anspruch 1 , wobei R 1 fur H steht; X 1 -X 2 -X 3 fur CH=CH-CH=CH steht; 
m in V fur O steht; und 

die Gruppe VCH 2 W an der para-Position relativ zum Z 1 -Atom im tricyclischen System steht. 
Verbindung oder Salz nach Anspruch 2, wobei A die Tetrazolylgruppe ist. 
Verbindung oder Salz nach Anspruch 3, wobei Y die Gruppe CH 2 CH 2 ist. 
Verbindung oder Salz nach Anspruch 4, wobei Z 1 -Z 2 fur N-CH 2 steht. 
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6. Verbindung oder Salz nach Anspruch 5, wobei W der Rest 2-Alkyl'5 l 7-dimethyl-3H-imidazot4,5-b]pyridin-3-yl ist. 

7. Verbindung oder Salz nach Anspruch 6, wobei der Alkylrest in W eine Ethyl- Oder Cyclopropylgruppe ist. 

5 8. Verbindung oder Salz nach Anspruch 5, wobei W der Rest 7-Carboxy-2-ethyl-benzimidazol-1-y! oder N-(1-Car- 
boxy-2-methyl)propyl-N-valerylamino ist. 

9. Verbindung oder Salz nach Anspruch 4, wobei Z 1 -Z 2 fur CH-CH 2 steht. 

10 10. Verbindung oder Salz nach Anspruch 9, wobei W der Rest 5,7-Dimethyl-2-ethyl-3H-imidazo[4 t 5-b]pyridin-3-yl ist. 

11. Verbindung oder Salz nach Anspruch 4, wobei Z 1 -Z 2 fur C=CH steht. 

12. Verbindung oder Salz nach Anspruch 11, wobei W der Rest 5 J-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl ist. 

15 

13. Verbindung oder Salz nach Anspruch 3, wobei Y fur CH 2 0 steht. 

14. Verbindung oder Salz nach Anspruch 13, wobei Z 1 -Z 2 fur CH-CH 2 steht. 

20 15. Verbindung oder Salz nach Anspruch 14, wobei W der Rest 5J-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl ist. 

16. Verbindung oder Salz nach Anspruch 2, wobei A eine Carboxylgruppe ist; 

Y fur CH 2 CH 2 steht; 
25 Z 1 -Z 2 fur N-CH 2 steht; 

und W der Rest 5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl ist. 

17. Arzneimittel, umfassend eine Verbindung oder ein Salz nach einem der vorstehenden Anspruche im Gemisch mit 
einem pharmazeutisch vertraglichen Trager. 

30 

18. Verbindung oder Salz nach einem der Anspruche 1 bis 16 zur Verwendung als in wVo-AII-Rezeptorantagonist. 
Revendications 

35 1. Compose de formule (I) 



Z 2 



40 




dans lequel, dans cette formule : 

R 1 repr6sente un atome d'hydrogene ou d'halogene ou un groupe alkyle en CyC 6 ; 

A represente un groupe cyano, carboxyle ou tetrazolyle, ou un groupe ph6nyle a substituant cyano, carboxyle 
so ou t6trazolyle ; 

V repr6sente -(CH 2 ) m - ou m vaut 0,1 ou 2 ; 
W represente un groupe de formule a, p, y ou 5 
ou a est 

55 
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5 




ou R 2 , R 3 et R 4 representent chacun un atome d'hydrogene ou d'halogene ou un groupe alkyle en C r C 6 , 
15 cycloalkyle en C 3 -C 6 , halog£noalkyle en C r C 6 , hydroxy, alcoxy en C r C 6 , amino, (alkyle en C r C 6 )-amino, car- 

boxyle ou (alcoxy en C r C 6 )-carbonyle, et Q 1 -Q 2 -Q 3 -Q 4 represente N=CH-CH=CH, CH=CH-CH=CH ou CH 2 - 
CH 2 -CH 2 "CH 2 
pest 



R 2 



25 




ou R 2 , R 3 et R 4 ont les memes significations que celles indiqu£es ci-dessus, 
30 y est 



R 8 

35 — N^R 7 

O^R s 



ou R 5 et R 6 representent chacun un atome d'hydrogene ou un groupe alkyle en C^Cq ou cycloalkyle en C 3 - 
C 6> et R 7 represente un groupe carboxyle, (alcoxy en C r C 6 ) - carbonyle, carbamyle ou hydroxym£thyle ; et 
5 est 



45 



50 




ou R 8 et R 9 representent chacun un atome d'hydrogene ou un groupe alkyle en C r C 6 , et Q represente N ; 
X 1 -X 2 -X 3 represente CH=CH-CH=CH, S-CH=CH ou CH=CH-S ; 
55 Y represente une liaison simple, CH 2 , O, S, CH 2 0, OCH 2 , CH 2 S, SCH 2 , CH 2 CH 2 ou CH=CH ; 

et Z 1 -Z 2 represente C=CH, CH-CH 2 , CH-CH(COOH)- ou N-(CH 2 ) n - ou n represente un nombre entier valant 
de T a 3 ; 

ou sel d'un tel compose, admissible en pharmacie. 
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2. Compose ou sel conforme & la revendication 1, dans lequel R 1 represente H, X 1 -X 2 -X 3 represente CH=CH- 
CH=CH, m, dans le groupe symbolist par Y, vaut 0, et le groupe symbolise par V-CH 2 -W est place, dans le sys- 
teme tricyclique, en position para par rapport a I'atome symbolise par Z 1 . 

5 3. Compost ou sel conforme a la revendication 2, dans lequel A represente un groupe tetrazolyle. 

4. Compost ou sel conforme a la revendication 3, dans lequel Y represente un groupe CH 2 CH 2 . 

5. Compose ou sel conforme a la revendication 4, dans lequel Z 1 -Z 2 represente N-CH 2 . 

10 

6. Compost ou sel conforme a la revendication 5, dans lequel W represente un groupe 2-alkyl-5,7-dim§thyl-3H-imi- 
dazo[4,5-b]pyridine-3-yle. 

7. Compose ou sel conforme a la revendication 6, dans lequel le groupe alkyle present dans le groupe symbolise par 
15 W est un groupe ethyle ou cyclopropyle. 

8. Compost ou sel conforme a la revendication 5, dans lequel W represente un groupe 7-carboxy-2-ethyl-benzimida- 
zole-1-yle ou N-(1-carboxy-2-methyl)propyl-N-valerylamino. 

20 9. Compose ou sel conforme h la revendication 4, dans lequel Z 1 -Z 2 represente CH-CH 2 . 

10. Compost ou sel conforme a la revendication 9, dans lequel W represente un groupe 5,7-dimethyl-2-ethyl-3H-imi- 
dazo[4,5-b]pyridine-3-yle. 

25 11. Compose ou sel conforme a la revendication 4, dans lequel z 1 -Z 2 represente C=CH. 

12. Compost ou sel conforme a la revendication 11, dans lequel W represente un groupe 5,7-dim6thyl-2-6thyl-3H-imi- 
dazo[4,5-b]pyridine-3-yle. 

30 13. Compost ou sel conforme a la revendication 3, dans lequel Y represente CH 2 0. 

14. Compose ou sel conforme k la revendication 13, dans lequel Z 1 -Z 2 represente CH-CH 2 . 

15. Compose ou sel conforme a la revendication 14, dans lequel W represente un groupe 5,7-dimethyl-2-6thyl-3H-imi- 
35 dazo[4,5-b]pyridine-3-yle. 

16. Compose ou sel conforme a la revendication 2, dans lequel A represente un groupe carboxyle, Y represente 
CH 2 CH 2 . Z 1 -Z 2 represente N-CH 2 , et W represente un groupe 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine-3- 
yle. 

40 

17. Composition pharmaceutique comprenant un compose ou un sel conforme a Tune des revendications preceden- 
tes, melange avec un v6hicule admissible en pharmacie. 

18. Compose ou sel conforme & Tune des revendications 1 a 16, destine & etre utilise comme antagoniste in vivo des 
45 recepteurs de I'angiotensine II. 
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